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BETWEEN-POPULATION SIMILARITY IN INTESTINAL PARASITE COMMUNITY 
STRUCTURE OF PIKE (ESOX LUCIUS)-EFFECTS OF DISTANCE AND 
HISTORICAL CONNECTIONS 
Anssi Karvonen and E. Tellervo Valtonen 
Department of Biological and Environmental Science, PO. Box 35, FI-40014 University of Jyvaskyla. Finland. e-mail: anssi.t.karvonen@jyu.fi 
ABSTRACT: The effect of geographical distance on similarity in parasite communities of freshwater fish has received considerable 
attention in recent years. and it has become evident that these apparently simple relationships are influenced by, among other 
things, colonization ability of parasites and degree of connectivity between the populations. In the present paper, we explored 
qualitative and quantitative similarity in the intestinal parasite communities of pike (Esox lucius) in a particular system where 
previously interconnected groups of lakes became isolated ca. 8,400 yr ago. Contrary to our expectations, we did not find 
differences in similarity between the lake groups or a negative effect of distance among the populations. This supports the role 
of common ancestral colonization events and shows that no significant loss of species has occurred during the past 8,000 yr. 
However, the communities were dominated by a single parasite species, the cestode Triaenophorus nodulosus. The exclusion of 
this species from the data had a significant negative impact on the community similarities and also revealed a negative relationship 
between distance and quantitative similarity. This suggests that patterns of community organization may be obscured by a single 
dominant species. We also highlight the need for further studies in different systems and host species, as well as detailed re-
analysis of existing data sets, to unravel the controversy in the relationship between distance and similarity in parasite commu-
nities. 
Factors underlying the formation and structure of parasite 
communities have attracted considerable attention in recent 
years (e.g., Esch et aI., 1990; Janovy et aI., 1992; Sousa, 1994; 
Valtonen et aI., 1997; Carney and Dick, 2000; Poulin, 2001, 
2007a, 2007b; Valtonen et aI., 2001; Poulin and Valtonen, 2002; 
Timi and Poulin, 2003; Vidal-Martinez and Poulin, 2003; Kar-
vonen et aI., 2007). Although these studies have identified a 
range of factors responsible for community structure (e.g., lake 
trophic status, environmental pollution, host community struc-
ture, parasite colonization ability, interspecific interactions be-
tween parasites) the overall conclusion emerging is that factors 
operating in one system are not necessarily the same in others. 
In other words, there is still significant spatial and temporal 
variation, as well as effects of short-term and local processes 
associated with parasite communities, which undermines the 
generality of conclusions obtained from individual systems. As 
such, more investigations on the patterns associated with less 
studied host species and environments with special features rel-
evant for the question in hand are still needed. 
One factor influencing the similarity of parasite communities 
of freshwater fish is geographical distance, effects of which 
have been studied mainly between host populations (e.g., Poulin 
and Morand, 1999; Poulin, 2003; Karvonen and Valtonen, 
2004; Fellis and Esch, 2005a, 2005b; see also Hartvigsen and 
Halvorsen, 1994), but also within host populations (Karvonen 
et aI., 2005). In general, the effect of distance on community 
similarity is sensitive to colonization potential of parasites (Kar-
vonen and Valtonen, 2004; Fellis and Esch, 2005a, 2005b). In 
autogenic parasites, which complete their life cycle within an 
aquatic system, colonization between populations can take 
place through waterways between the lakes (compared to al-
logenic parasites, which may be disseminated more directly by 
avian definitive hosts). An interesting aspect of these systems 
is that similarities and differences in community structure may 
reflect not only the presence of existing discrete colonization 
paths, but also those that occurred in the past but are no longer 
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available. However, the latter has received very little attention 
as studies have mainly focused on currently interconnected 
(Karvonen and Valtonen, 2004) or isolated popUlations (Fellis 
and Esch, 2005a, 2005b). Thus, comparisons in systems with 
both past and present connections between populations could 
provide an interesting, less studied insight into relationships be-
tween geographical distance and similarity in communities of 
autogenic parasites. In the present study, we explored the in-
testinal helminth community structure of pike (Esox lucius) in 
a series of lakes with a particular history of connection between 
the populations. 
Our investigation was conducted in northeastern Finland 
(Fig. 1), where the post-glacial history is somewhat different 
compared to the majority of lakes in Finland. First, the area 
was not part of the post-glacial lake that covered large areas of 
southern and central Finland after the last ice age (e.g., Hyyppa, 
1966; Heikkinen and Kurimo, 1977) and is at least partly re-
sponsible for the predictable and consistent fish and parasite 
fauna in lakes of that area (Tonn et aI., 1990). Second, the study 
site consisted of 2 sets of lakes, one draining west to the Both-
nian Bay and the other draining east toward the White Sea. 
However, these currently separate systems were connected ca. 
8,500-9,000 yr ago via Lake Yli-Kitka during the bifurcation 
phase of the lake when its contents were discharged in both 
directions. The western outflow dried up ca. 8,400 yr ago be-
cause of greater land uplift in the western side of the lake, 
which formed the extant watershed between the 2 areas (Heik-
kinen and Kurimo, 1977). Thus, although the lakes in this re-
gion do not share a common ancestral glacial lake phase, a 
colonization path did exist for fish between these currently iso-
lated areas. The aim of the present paper was to compare the 
degree of between-population similarity in parasite communi-
ties of pike within the water system in relation to the history 
of connectivity and the geographic distance between the lakes. 
Essentially, we used 2 measures of similarity, i.e" a qualitative 
similarity indicating the degree of overlap in parasite species 
composition (corresponding mainly to parasite colonization 
success) and a quantitative similarity indicating the overlap in 
species abundance (corresponding mainly to local conditions 
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FIGURE 1. Map of the study site in northeastern Finland. Sampling locations are indicated by numbers: I = Bothnian Bay, 2 = Lake Livojarvi, 
3 = L. Kynsijarvi, 4 = L. Kostonjarvi, 5 = L. Kurkijarvi, 6 = L. Kuusamonjarvi, 7 = L. Muojarvi, 8 = L. Yli-Kitka, 9 = L. Kallunkijarvi, 10 
= L. Onkamojarvi, II = River Oulankajoki. Sampling sites 2-5 belong to the same river system flowing westward, whereas sites 6-11 are 
draining to the east. The ancient connection between L. Livojarvi (2) and L. Yli-Kitka (8) dried up ca. 8,400 yr ago. Arrows indicate direction 
of water flow, and the solid line with dots indicates the watershed between the 2 areas. Solid line-dashed line combination shows the border 
between Finland and Russia. 
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TABLE I. Prevalence of the parasite species observed in the intestine of pike (Esox lucius) in northeastern Finland. Direction indicates westward 
(W) and eastward (E) draining sampling sites. Species abbreviations from left: Triaenophorus nodulosus, Triaenophorus erassus, Proteoeephalus 
spp., Azygia lucii, Azygia mirabilis, Bunodera lueioperea, Raphidasearis aeus, Camallanus laeustris, Aeanthoeephalus lucii, Neoeehinorhynehus 
rutili. Site numbers refer to those in Fig. 1. 
Site Direction No. fish T. nodu T. eras Prot 
Bothnian Bay (1) 54 98.1 22.2 5.6 
L. Kostonjarvi (4) W 21 71.4 66.7 4.8 
L. K ynsijarvi (3) W 17 70.6 23.5 17.6 
L. Kurkijarvi (5) W 6 50.0 
L. Livojarvi (2) W 19 36.8 5.3 15.8 
L. Yli-Kitka (8) E 40 57.5 22.5 
L. Kuusamonjarvi (6) E 18 100.0 38.9 
L. Muojarvi (7) E 15 100.0 40.0 
L. Kallunkijarvi (9) E 15 6.7 6.7 
L. Onkarnojarvi (10) E 6 16.7 
River Oulankajoki (11) E 20 80.0 
affecting the rate of parasite transmission). We expected that 
the similarity among the lakes within each of the 2 isolated 
areas would be higher compared to that between the areas and 
also that there would be an overall negative relationship be-
tween geographical distance and the similarity of parasite com-
munities among the populations. 
MATERIALS AND METHODS 
The study system included 9 lakes and 1 river site in northeastern 
Finland, as well as a brackish water site in the Bothnian Bay (Fig. 1). 
Four of the lakes (L. Kostonjarvi [42.94 km2], L. Kynsijarvi [12.29 
km2], L. Kurkijarvi [11.30 km2], and L. Livojarvi [33.22 km2]) drain 
west along the River Iijoki to the Bothnian Bay, and the remaining 5 
lakes (L. Yli-Kitka [207.93 km2], L. Kuusamojarvi [51.70 km2], L. 
Muojarvi [54.92 km2], L.' Kallunkijarvi [10.02 km2], and L. Onkamo-
jarvi [18.55 km2]) drain east along the River Oulankajoki to the White 
Sea. The connection between Lake Livojarvi and L. Yli.-Kitka was lost 
ca. 8,400 yr ago because of the greater land uplift in the west (note that 
movements of fish from east to L. Yli-Kitka are currently inhibited by 
a waterfall). In addition to the lakes, fish samples were also taken from 
the River Oulankajoki and from the coastal area of Bothnian Bay (Fig. 
1). The main water quality difference between the lakes is the higher 
humus content in the westward draining lakes. Further details of the 
lakes are presented in Rintamliki (1989). Sampling of fish was con-
ducted mainly in 1982-1983, with some additional samples caught ear-
lier in 1978 (Bothnian Bay) and 1980 (L. Yli-Kitka). Sampling was 
limited to spring and summer months (May-August) and was conducted 
using a seine and gill nets. Fish (total n = 231) were brought to the 
laboratory and measured for length, after which the stomach and intes-
tine were removed and examined for parasites. Prevalence and mean 
abundance (Bush et al., 1997) were calculated for each parasite species. 
Similarity of parasite communities between the populations was de-
termined using 2 indices of similarity. First, Sorensen's qualitative index 
was used to measure similarity in parasite species composition and was 
calculated as Cs = 2j/(a + b), where j is the number of parasite species 
common to both populations, and a and b are the numbers of species 
found in the first and the second host population, respectively (Magur-
ran, 1988). Second, Sorensen's quantitative index was used to describe 
similarity in parasite abundance between the populations. The index was 
calculated as CN = 2jN/(aN + bN), where aN is the sum of mean parasite 
abundances in the first host popUlation, bN is the sum of mean parasite 
abundances in the second host population, and j N is the sum of the lower 
of the 2 abundances of species that occur in the 2 populations (Magur-
ran, 1988). Values of both indices were calculated for all possible lake 
pairs within, and between, the areas. It was noted from the data that 1 
of the parasite species, Triaenophorus nodulosus, comprised 63.4% of 
the total number of parasite specimens, while each of the remaining 
species composed of 0.5-11.3% of the total. Thus, to explore the effects 
of T. nodulosus on the similarity between the populations, we also cal-
Az. lucii Az. mirab B. lucio R. aeus C. laeus A. lucii N. rutili 
79.6 31.5 9.3 14.8 
33.3 47.6 81.0 52.4 4.8 
94.1 11.8 17.6 76.5 11.8 29.4 5.9 
16.7 
47.4 5.3 10.5 84.2 5.3 
2.5 10.0 7.5 2.5 52.5 12.5 
55.6 11.1 11.1 61.1 22.2 
20.0 13.3 33.3 46.7 
33.3 
16.7 
25.0 80.0 40.0 5.0 25.0 
culated the values of the similarity indices by excluding T. nodulosus 
from the analysis (see also Karvonen and Valtonen, 2004). 
To analyze the effects of geographic distance on similarity, we mea-
sured the waterway distance (along the river) between all possible lake 
pairs from a map (note that all parasite species were autogenic, i.e., 
maturing in fish, so this distance measure corresponded to the length of 
available colonization path for the species between the populations [see 
also Karvonen and Valtonen, 2004]). Furthermore, to allow compari-
sons between different areas (western, eastern, Bothnian Bay), we mea-
sured the distances between the lakes in different areas through the 
ancient connection between lakes Livojarvi and Yli-Kitka (Fig. 1). The 
relationships between the values of the similarity indices and geographic 
distance were then examined using linear regression analysis. However, 
because of statistical non-independence of pair-wise similarity values, 
the significance of each regression was determined by comparing the 
slope to a random distribution generated through 10,000 permutations 
of the data. 
RESULTS 
From the total of 231 fish studied, 10 parasite species were 
recorded, including 3 species of cestodes, 3 digeneans, 2 nem-
atodes, and 2 acanthocephalans (Table I). The number of spe-
cies observed at each location did not depend on the number 
of fish studied (linear regression: F = 0.244, P = 0.123) or 
lake surface area (F = 1.002, P = 0.350). Length of the fish 
differed among the popUlations (ANDV A on log-transformed 
data: F IO•188 = 10.1, P < 0.001), and this was due to the smaller 
fish size in L. Yli-Kitka. However, there was no difference in 
fish length among the other populations (Tukey multiple com-
parison: P > 0.3 for all cases), suggesting that fish length was 
unlikely to affect the results. The most prevalent and abundant 
species was the cestode T. nodulosus, which was observed in 
all lakes and comprised 63.4% of all parasite specimens. Par-
asite species composition sh.owed some differences between the 
western and eastern sides of the watershed and the Bothnian 
Bay. Triaenophorus crassus occurred only in the western side 
of the watershed and in the Bothnian Bay, although the parasite 
is known to occur also in the eastern side (see earlier study by 
Rintamiiki [1989] on detailed occurrence of Triaenophorus 
spp.). The trematode Azygia lucii also had higher prevalence in 
the western side, whereas the related species, Azygia mirabilis, 
was more evenly distributed between the areas. The latter, how-
ever, was absent from the Bothnian Bay (Tables I, II). 
Average qualitative similarities calculated within the eastern 
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and western areas were 0.58 ± O.OS (SE) and 0.58 ± 0.12, 
respectively, while those between the areas and the Bothnian 
Bay ranged from 0.S4 ± 0.09 to 0.72 ± 0.09 (Fig. 2a). Highest 
mean qualitative similarities were observed between the west-
ward draining lakes and the Bothnian Bay (Fig 2a). Further-
more, exclusion of T. nodulosus from the data significantly de-
creased the mean qualitative similarities (paired-samples t-test 
on mean similarities: t4 = 8.64S, P < 0.001; Fig. 2a). Mean 
quantitative similarities were 0.22 ± O.OS and 0.32 ± 0.09 for 
the eastern and western areas, respectively, and ranged from 
O.3S ± 0.11 to 0.48 ± 0.11 between the areas and the Bothnian 
Bay (Fig. 2b). Exclusion of T. nodulosus also had a significant 
negative effect on the quantitative similarities (paired-samples 
t-test on mean similarities: t4 = 3.747, P = 0.020; Fig. 2b). 
Regression analysis indicated that geographical distance be-
tween the populations had no effect on either qualitative (,-2 = 
0.034, F = 1.878, P > 0.2; Fig. 3a) or quantitative similarity 
(,-2 = 0.004, F = 0.234, P > 0.6; Fig. 3b). However, when T. 
nodulosus was excluded from the data, a negative relationship 
was observed between the quantitative similarity and distance 
(,-2 = 0.107, F = 6.3S0, P < O.OS; Fig. 3d) while no relationship 
was observed in the qualitative similarity (,-2 = 0.041, F = 
2.284, P > 0.2; Fig. 3c). We also recognize that 2 of the pop-
ulations (L. Kurkijarvi and L. Onkamojarvi) had relatively low 
sample sizes, which might have affected the relationships be-
tween the similarity measures and distance. As such, we also 
ran the analyses by excluding these populations, but this did 
not change the result. 
DISCUSSION 
Negative effects of geographical distance on the similarity of 
parasite communities of freshwater fish have been reported in 
several recent papers (e.g., Poulin and Morand, 1999; Poulin, 
2003; Karvonen and Valtonen, 2004; Fellis and Esch, 200Sa, 
200Sb) and, indeed, it seems to be a predominant feature in 
most parasite-host systems (see Poulin [2007b] for a recent 
review). However, there is still some controversy associated 
with the relationship (Poulin, 2007b), which may be linked to 
factors such as parasite dispersal potential (Karvonen and Val-
tonen, 2004; Fellis and Esch, 200Sa, 200Sb) or the extent of 
present and past connectivity between populations. The present 
study explored the latter by studying intestinal parasite com-
munities of pike (E. lucius) in groups of lakes on different sides 
of a watershed that were connected in the past, but became 
isolated about 8,400 yr ago (Heikkinen and Kurimo, 1977). In-
stead of conducting a full-scale multidimensional community 
analysis, e.g., a multivariate analysis, we explored straightfor-
ward relationships between community similarity and distance, 
following our earlier work (Ka.rvonen and Valtonen, 2004) and 
that of others (e.g., Poulin, 2003; Fellis and Esch, 200Sb; Vi-
narski et al., 2007). 
Contrary to our expectations, we observed that the average 
qualitative similarity (measuring overlap in species composi-
tion) between the eastern and western sides of the watershed 
was very close to that calculated among the lakes within these 
areas (data were not subjected to statistical analysis because of 
statistical non-independence of individual similarity values). A 
particular aspect of a majority of lakes in southern and central 
Finland is that they are remnants of a large post-glacial lake, 
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FIGURE 2. Average values (±SE) of Sorensen qualitative similarity index (A) and the Sorensen quantitative similarity index (B). W = among 
the westward draining sampling sites, E = among the eastward draining sites, W vs. E = among the westward and eastward draining sites, W 
vs. BB = among westward draining sites and the Bothnian Bay, E vs. BB = among eastward draining sites and the Bothnian Bay. Comparisons 
were made from the whole data set (white bars) and excluding the dominant species, Triaenophorus nodulosus (gray bars). 
which is also one of the reasons for consistent fish and parasite 
fauna in these lakes (Tonn et al., 1990). The present study area, 
however, was not covered by the glacial lake (Heikkinen and 
Kurimo, 1977), which suggests that colonization of the lakes 
by fish and parasites has probably taken place along the river 
channels before the loss of connection between the 2 areas 
through Lakes Livojarvi and Yli-Kitka ca. 8,400 yr ago. It 
should be noted, however, that other connections may have ex-
isted between the lakes and areas at that time, although no ev-
idence of this possibility is currently available. Similarity in 
parasite species composition between the areas suggests that 
fish colonizing the lakes, probably from south to north along 
with the retreat of ice (Heikkinen and Kurimo, 1977), carried 
the same parasite species observed presently and that no sig-
nificant loss of species has occurred during the past 8,000 yr. 
However, it is probable that lakes in the eastern area were col-
onized also from the east after the connection between the areas 
was lost; if so, introduction of new species would have been 
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FIGURE 3. Relationships between qualitative and quantitative Sorensen similarity indices, and geographical distance, in the whole data set (A, 
B) and excluding the dominant species, Triaenophorus nodulosus (C, D). Markers denote different pairs of comparison: squares = among the 
westward draining sampling sites and among the eastward draining sites, triangles = sites of the eastern and western area vs. the Bothnian Bay, 
circles = among the sites of eastern and western areas. The fitted line in D represents linear regression (r2 = 0.107, F = 6.350, P < 0.05), where 
the significance was determined from a random distribution based on 10,000 permutations of the data. 
unlikely. Some differences in species composItIOn were still 
observed, particularly those associated with T. crass us and A. 
mirabilis. Nonetheless, both species are still present in both 
sides of the watershed (see Rintamiiki [1989] for occurrence of 
T. crassus), so their absence from certain lakes is probably co-
incidentaL 
Quantitative similarity (measuring overlap in species abun-
dance) between the areas was also roughly at the same level as 
among the lakes within the areas. This suggests that differences 
in environmental factors, which could affect the rate of parasite 
transmission, e.g., the higher humus content in the westward 
draining lakes (see Rintamaki, 1989 and references therein), 
had little effect on average community similarities. In contrast, 
exclusion of the dominant species, T. nodulosus, had a marked 
negative effect on average quantitative similarities in the pair-
wise comparisons. Dominance by only 1, or a few, parasite 
species also has been described in other systems in our area 
(Valtonen et aI., 2003; Karvonen and Valtonen, 2004). The ex-
act reasons for this observation are unclear, but there is some 
evidence suggesting that dominance may be associated with 
latitude. Rohde and Heap (1998) studied endoparasite and ec-
toparasite communities in a range of marine fishes and found 
that communities in higher latitudes were more often dominated 
by a single parasite species (see also Guegan et aL, 2005; Pou-
lin, 2007b). More investigations are needed to determine wheth-
er this applies also to freshwater fishes. 
We also did not observe any effect of between-population 
distance on the qualitative or quantitative similarity of the par-
asite communities. This is surprising since in our earlier study, 
conducted partly in the same area, we found a clear negative 
relationship between distance and similarity of autogenic par-
asite communities of whitefish (Karvonen and Valtonen, 2004). 
Lack of such a relationship in autogenic parasites of pike sup-
ports the idea of common ancestral colonization events for pike 
in this area, as well as high overall stability and consistency in 
its parasite community structure. However, when T. nodulosus 
was excluded from the data, a negative effect of distance on 
quantitative similarity was observed, which further emphasizes 
the key role of T. nodulosus in maintaining community simi-
larity in this system (see also Karvonen and Valtonen, 2004). 
Interestingly, the result also suggests that between-population 
differences in the transmission rate of the other parasite species 
were increasing with distance. This may be related to environ-
mental factors, although such an effect was not evident in the 
average values (Fig. 2b). 
We conclude that the relatiop.ship between similarity of par-
asite communities and geographical distance may be shaped by 
the extent of past and present connectivity between popUlations 
in relation to parasite dispersal opportunities (function of host 
species-specific dispersal). This calls for further studies on dif-
ferent host species in different environments, but also for a re-
analysis of the existing data sets to unravel the mechanisms 
underlying the controversy of the previous results. Furthermore, 
dominance of 1 parasite species may be a predominant feature 
in high latitudes (although more work on this idea is obviously 
needed), which may in many cases obscure patterns of com-
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munity organization. Thus, comparative investigations with in-
clusion/exclusion of certain species could be helpful. 
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THE ROLE OF LIGHT AND GRAVITY IN THE EXPERIMENTAL TRANSMISSION OF 
ECHINOSTOMA CAPRONI (DIGENEA: ECHINOSTOMATIDAE) CERCARIAE TO THE 
SECOND INTERMEDIATE HOST, BIOMPHALARIA GLABRATA (GASTROPODA: 
PULMONATA) 
Thomas R. Platt, Lindsay Burnside, and Elizabeth Bush 
Department of Biology, Saint Mary's College, Notre Dame, Indiana 46556. e-mail: tplatt@saintmarys.edu 
ABSTRACT: Trematode cercariae inhabit predictable environments and respond to trigger cues with genetically fixed releaser 
responses when foraging for the upstream host. The effect of light and gravity on the transmission of Echinostoma caproni 
cercariae to Biomphalaria glabrata was investigated experimentally. Transmission chambers were constructed of clear polyvinyl 
chloride pipe. Snails were constrained within the chamber to prevent movement, while permitting the cercariae to swim freely. 
A trial consisted of 2 infected B. glabrata shedding E. caproni cercariae placed at the center of the chamber, with 5 uninfected 
B. glabrata placed 10 cm on either side (or above and below) of the shedding snails as sentinels. There was no significant 
difference in the prevalence of infection sentinel snails in either experiment (light vs. dark or top vs. bottom); however, mean 
intensity was significantly higher in sentinel snails in the dark portion of the chamber (42.5 vs. 10.4; P = 0.001) and the top of 
the transmission chamber (66.1 vs. 38.0; P = 0.0003). There was a high correlation between the number of metacercariae collected 
from sentinel snails and the total number of infective units (metacercariae + unsuccessful cercariae): r = 0.992 (light vs. dark) 
and r = 0.957 (top vs. bottom), respectively, at cercariae densities estimated from 22 to 3,304/L. The results suggest that cercariae 
of E. caproni exhibit negative photo- and geotaxis in searching for a second intermediate host. Stereotypical releaser responses 
to environmental trigger cues (light and gravity) allow E. caproni cercariae to exploit flexible strategies for completing the life 
cycle consistent with the broad range second intermediate and definitive hosts used by E. caproni cercariae and adults, respec-
tively. 
Digenetic trematodes have a complex life cycle that typically 
involves 3 hosts (Shoop, 1988) and 2 free-swimming stages, 
i.e., the miracidium and cercaria. How miracidia and cercariae 
perceive their world and the mechanisms by which they locate 
their respective hosts have been the subject of intense investi-
gation (Cable, 1972; Haas, 1994; Combes, 2001; Combes et a!., 
2002; Sukhdeo and Sukhdeo, 2004). Most species of digenes 
produce cercariae that escape from the first intermediate host 
(a mollusc) that must locate and infect a second intermediate 
host in both space and time (Combes, 2001; Combes et a!., 
2002) to continue the life cycle. The range of second interme-
diate hosts is large, and their locations in ecosystems are vari-
able. 
The environment encountered by cercariae is considered 
"ecologically predictable" (Sukhdeo and Sukhdeo, 2004), with 
a small number of stimuli (trigger cues). Cercariae respond to 
these stimuli with fixed patterns of behavior (releaser respons-
es) (Sukhdeo, 1990). The most important trigger cues in fresh-
water habitats are light (and dark), gravity, temperature, tur-
bulence, and the host (Galaktionov and Dobrovolskij, 2003; 
Sukhdeo and Sukhdeo, 2004). Cercariae respond to light and 
gravity in a species-specific manner (Smyth and Halton, 1983; 
Haas, 2000) that results in dispersal from the first intermediate 
host bringing cercariae into the space where the second inter-
mediate host can be found predictably (Wright, 1971; Cable, 
1972; Kennedy, 1975; Sukhdeo and Sukhdeo, 2004). Although 
responses to light and gravity are well known for cercariae of 
many species of digenetic trematodes, there is little experimen-
tal evidence for the effect of these environmental cues on trans-
mission to, and infection of, the second intermediate host. 
The present study explores the effects of light and gravity on 
the transmission of the cercariae of Echinostoma caproni to its 
snail second intermediate host, Biomphalaria glabrata. 
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MATERIALS AND METHODS 
Echinostoma caproni was maintained in B. glabrata and ICR mice 
in the Saint Mary's Animal Facility (Saint Mary's College, Notre Dame, 
Indiana). Snails were infected by feeding them embryonated eggs of E. 
caproni. Snails were maintained in an aquarium at room temperature 
(22 C) and checked daily for cercarial shedding beginning at 35 days 
post-infection. Shedding snails were chosen indiscriminately from a 
pool for use at the beginning of each trial. Water and air temperatures 
were 22 C during all trials. Illumination was provided by standard fluo-
rescent ceiling lights and was measured with an SLM-110 light meter 
(Sperry Instruments, Milwaukee, Wisconsin) at 633 lux. 
Gravity 
Transmission chambers were constructed of a 30-cm length of clear 
polyvinyl chloride (PVC) pipe (Aquatic EcoSystems, Apopka, Florida), 
with an internal diameter of 39 mm. A Petri dish (l00 X 15 mm) was 
attached to the end of a slip coupler with silicon aquarium sealer. One 
end of the PVC pipe was wrapped with Teflon® tape and inserted into 
the slip coupler (Fig. lA). 
Snail enclosures were constructed from the bottom half of 2-38- X 
8-mm disposable HistPlas® tissue capsules (Thomas Scientific, 
Swedesboro, New Jersey) (Fig. IB). A dissecting needle was heated to 
glowing and used to make an opening in the center of each capsule that 
was large enough to allow passage of a thin 35-cm glass rod. A snail 
enclosure consisted of 2 tissue capsule halves facing each other spaced 
5 mm apart. One enclosure was placed at the midpoint of the glass rod, 
with I enclosure located 10 cm on either side of the center enclosure 
(Fig. I A). This arrangement ensured that the shedding and sentinel 
snails would remain in their relative positions, while allowing cercariae 
to move freely. The chamber was filled with well water (450 ml), and 
a snail enclosure containing 2 shedding snails in the center enclosure, 
and 5 sentinel snails in each of the lateral enclosures, was carefully 
lowered into place (Fig. lC). 
Light 
The transmission chambers and snail enclosures were constructed of 
the same materials as described above, with the following modifications. 
Petri dishes (60 X IS mm) were attached to one end of 2 slip couplers 
with silicon aquarium sealer. Each end of the PVC pipe was wrapped 
with Teflon® tape before affixing the couplers to ensure a watertight 
seal, and I coupler was fitted to the end of the PVC tube. 
Two infected snails were placed in the center enclosure, and 5 un-
infected snails (5-10 mm in diameter) were placed in each of the lateral 
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TABLE I. Mean number of metacercariae of Echinostoma caproni re-
covered from sentinel snails Biomphalaria glabrata from the top and 
bottom portions of the transmission chamber. 
Trial Top * Bottom* Significance 
46.4 ::':: 10.32 (27-74) 23.8 ::':: 7.10 (2-38) NS 
2 3.6 ::':: 1.12 (0-7) 0.4 ::':: 0.24 (0-1) NS 
3 20.8 ::':: 3.34 (8-26) 2.6 ::':: 0.40 (2-4) P = 0.0068 
4 175.6::':: 37.18 (52-238) 66.0 ::':: 28.9 (12-172) P = 0.0143 
5 113.0::':: 19.57 (62-174) 154.8 ::':: 29.85 (42-203) NS 
6 69.0 ::':: 12.92 (40-112) 38.4 ::':: 14.79 (7-79) NS 
7 40.6 ::':: 9.15 (22-72) 42.8 ::':: 5.60 (31-60) NS 
8 104.8 ::':: 29.03 (60-212) 23.6 ::':: 3.50 (11-30) P = 0.0450 
9 87.2::':: 17.46 (39-144) 28.0 ::':: 5.46 (19-49) P = 0.0152 
10 0.8 ::':: 0.37 (0-2) 0 NS 
Total 66.2 ::':: 9.09 (0-238) 38.0 ::':: 7.47 (0-203) P = 0.0003 
* n = 5 for all trials; mean:+: SE (range). 
the relationship between the metacercariae collected in each trial and 
infective units. All statistical analyses were performed using Minitab15 
(Minitab, Inc., 2006). 
RESULTS 
Gravity 
Two trials were excluded from the analysis because no meta-
cercariae were found in the any of the sentinel snails and no 
unsuccessful cercariae were detected in the transmission cham-
ber. Ninety percent (901100) of the sentinel snails were infected 
at the end of the experiment, and there was no significant dif-
ference in the number of snails infected from the top and bot-
tom portions of the transmission chamber (48 vs. 42; P = 
0.199). The snails in the top of the chamber harbored signifi-
cantly more metacercariae than those in the bottom (mean in-
tensity, 66.2 vs. 38.0, respectively; P = 0.003). TaBle I shows 
the results of all 10 trials. Four replicates (3, 4, 8, and 9) 
showed significantly greater numbers of metacercariae in the 
snails in the top. Four replicates (I, 2, 6, and 10) showed greater 
metacercariae loads in snails in the top of the water column, 
and 2 replicates (5 and 7) had higher loads in snails from the 
bottom; however, the differences were not significant. 
Transmission success ranged from 21.5 to 90.1% (56.4 ± 
19.97). There was a high correlation (r = 0.957) between the 
number of metacercariae from all snails (top and bottom) and 
the total number of infective units (metacercariae + unsuccess-
ful cercariae). Estimated cercariae density ranged from 22 to 
3,3041L in the 10 replicates. 
Light 
More than 90% (1091120) of the snails were infected at the 
end of the 8-hr exposure. There was no significant difference 
in the number of snails infected from the light and dark portions 
of the transmission chambers (54 vs 55; P = 0.745). Snails in 
the dark portion of the transmission chamber had a significantly 
higher metacercariae load than those in the light (mean inten-
sity, 42.5 vs. 10.4, respectively; P = 0.001). In 10 of 12 rep-
licates (Table II), more metacercariae were recovered from the 
snails in the dark portion of the transmission chamber although 
none of the individual trials showed significant differences. 
Transmission success ranged from 51.1 to 84.1 % (70.2 ± 
TABLE II. Mean number of metacercariae of Echinostoma caproni re-
covered from sentinel snails Biomphalaria glabrata from the light and 
dark portions of the transmission chamber. 
Signifi-
Trial Light* Dark* cance 
7.8 ::':: 4.07 (0-23) 72.8 ::':: 35.4 (21-212) NS 
2 11.4 ::':: 6.07 (3-35) 54.0 ::':: 22.80 (9-133) NS 
3 7.4 ::':: 1.69 (1-11) 17.6::':: 4.31 (10-34) NS 
4 8.2 ::':: 2.42 (1-15) 84.8 ::':: 36.23 (3-172) NS 
5 14.0 ::':: 4.32 (4-29) 81.0 ::':: 32.88 (0-148) NS 
6 9.6 ::':: 5.95 (0-27) 5.4 ::':: 3.60 (0-18) NS 
7 10.8 ::':: 2.08 (5-16) 76.8 ::':: 34.98 (10-206) NS 
8 7.0 ::':: 2.35 (2-15) 6.0 ::':: 2.35 (0-14) NS 
9 10.0 ::':: 3.39 (4-22) 25.8 ::':: 8.22 (4-55) NS 
10 14.2 ::':: 3.98 (1-22) 24.0 ::':: 7.64 (4-47) NS 
11 15.8 ::':: 5.50 (5-36) 46.6 ::':: 13.04 (29-98) NS 
12 8.0 ::':: 3.27 (1-18) 15.0 ::':: 6.64 (1-37) NS 
Total 10.4 ::':: 1.11 (0-36) 42.5 ::':: 6.68 (0-212) 0.001 
* n = 5 for all trials; mean :+: SE (range). 
11.67). There was a high correlation (r = 0.992) between the 
number of metacercariae recovered from all snails (light and 
dark) and the total number of infective units (metacercariae + 
unsuccessful cercariae). Cercariae density was estimated to 
range from 213 1,3841L in the 12 replicates. 
DISCUSSION 
The number of metacercariae recovered from sentinel snails 
in both experiments was highly correlated with cercariae den-
sity, as reported previously (Evans and Gordon, 1983) for 
Echinoparyphium recurvatum in Lymnaea peregra at similar 
cercariae densities «5,0001L). Metacercariae were found in 
significantly higher numbers from sentinel snails located at the 
top and dark portions of the transmission chambers, suggesting 
E. caproni cercariae exhibit both negative geo- and phototaxis. 
Cercariae responses to environmental trigger cues are thought 
to accomplish 2 objectives: (1) dispersal from the downstream 
host and (2) bring the organism into the "host space" where 
the upstream host (USH) is most likely to occur (Combes et 
aI., 1994, 2002; Sukhdeo and Sukhdeo, 2004). These behaviors 
become fixed in evolutionary time based on the predictable na-
ture of the environment that cercariae inhabit (Sukhdeo and 
Hernandez, 2003). Therefore, it would be reasonable to predict 
that second intermediate hosts of E. caproni would accumulate 
near the surface of freshwater habitats in areas that are dark, or 
at least shaded. 
The current study shows a somewhat more complex situation. 
Nearly all the snails, regardless of location (darkllight, toplbot-
tom), harbored metacercariae at the end of the experiment. Sig-
nificantly larger numbers of E. caproni metacercariae were 
found in snails in the top and dark portions of the infection 
chambers; however, the number of metacercariae recovered 
from snails in the light and bottom of the chambers, respec-
tively, was not inconsequential, suggesting an ample pool of 
infected hosts and metacercariae for continuation of the life 
cycle (Tables I, II). 
In previous studies, transmission has been inferred from lab-
oratory experiments on cercariae responses to light and gravity 
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(see reviews by Smyth and Halton, 1983; Haas, 1994) or a 
combination of laboratory experiments and field studies (e.g., 
Bartoli and Combes, 1986), in which cercariae responses to 
trigger cues are associated with, and transmission inferred from, 
the collection of metacercariae in intermediate host popUlations. 
Many cercariae described as negatively geotactic swim rapidly 
toward the surface upon release and then sink passively before 
repeating the behavior (Haas, 1994; Loy et aI., 2001; Sukhdeo 
and Sukhdeo, 2004). Cercariae eventually exhaust their energy 
reserves and remain on the bottom (Pechenik and Fried, 1995). 
Prokofiev (2002) reported that cercariae of Renicola thaidus 
showed a reversal of geotaxis 6 hr post-emergence; becoming 
positively geotactic after an initial dispersal phase displaying 
negative geotaxis. Whether this was a true reversal of behavior 
or simply a response to diminishing energy supplies (Pechenik 
and Fried, 1995) is an open question (Galaktionov and Dob-
rovolskij, 2003). Loy et ai. (2001) found that cercariae of 4 
species of echinostome made regular migrations between the 
top and bottom of a 180-mm cuvette, illuminated from above, 
until eventually accumulating at the bottom after approximately 
3 hr. Infectivity of E. recurvatum cercariae declined sharply 
after 4 hr (Evans and Gordon, 1983). Vertical cycling in the 
water column may represent an optimal search strategy by cer-
cariae for slow moving hosts such as freshwater snails. 
Many pulmonates are found in shallow water either on veg-
etation or the bottom at the edges of ponds and streams; how-
ever, their vertical distribution is much greater than generally 
recognized (Dillon, 2000). Pulmonates also respond to preda-
tion, and other disturbances, by resistance behavior (Dillion, 
2000) using an air bubble stored in the mantle cavity as an 
escape device. If attl.!,ched to the substratum when disturbed, the 
snail releases its hold and floats quickly to the surface, and if 
at the surface the snail releases the air bubble and sinks quickly 
to the bottom (Dillon, 2000), thus dramatically~ changing its 
position in the water column. Moving up and down in the water 
column would provide cercariae with the opportunity of en-
countering snails at different depths, beginning at the surface. 
When a snail is encountered after the initial dispersal phase, 
regardless of depth, the cercariae could use host specific bio-
chemical cues to locate and infect a suitable host (Fried and 
King, 1989; Haas, 1994; Haas et aI., 1995). The results of the 
present study, showing a similar prevalence of infection in sen-
tinel snails at the top and bottom of the transmission chamber, 
would support the possibility of cercariae "searching" verti-
cally for slow moving hosts to infect before their energy re-
serves are spent. 
The prevalence and intensity of E. caproni metacercariae 
from snails in light and dark conditions showed a similar dis-
tribution, i.e., a significantly greater mean intensity of metacer-
cariae in snails from the dark half of the transmission chamber. 
However, the majority of snails in the light half of the chamber 
were infected with sufficient numbers of metacercariae to sug-
gest the life cycle could be maintained. Evans and Gordon 
(1983) found that cercariae of E. recurvatum were maximally 
infective to the second intermediate host approximately 2 hr 
after release from the USH. They suggested that an early period 
of low infectivity constituted a dispersal phase that would re-
duce the possibility of hyperinfection of the snail Lymnaea per-
egra, which serves as both first and second intermediate host, 
and would result in a wider distribution of metacercariae in the 
ecosystem (Evans and Gordon, 1983). McCarthy (1999) linked 
the switch from dispersal, e.g., an early period of low infectiv-
ity, to the infective phase with a change in response to light. 
During the first 30 min of post-emergence, E. recurvatum cer-
cariae were positively phototactic followed by a change to neg-
ative phototaxis approximately 2 hr post-emergence (McCarthy, 
1999). The relationship between freshwater snails and light is 
primarily qualitative (Appleton, 1978). Freshwater snails tend 
to occupy dark and shaded locations, most likely to avoid pre-
dation; however, there are no quantitative studies evaluating the 
effect of light or light intensity, on habitat choice in aquatic 
pulmonates. Biomphalaria glabrata has been reported from 
shaded areas and locations exposed to full sun (Appleton, 
1978). Loy et al. (2001) reported that 3 species of echinostome 
cercariae varied in their response to horizontal light sources, 
suggesting they would congregate in different microhabitats 
within aquatic vegetation. Variation in response of E. caproni 
cercariae to light would permit infection of snails located in 
different microhabitats at different points in time. 
Adult E. caproni exhibits low host specificity, infecting many 
mammalian and avian hosts in natural and experimental con-
ditions (see review by Fried and Huffman, 1996). Richard 
(1964) originally described E. caproni from the small intestine 
of the Madagascar kestrel (Falco newtoni) in Madagascar. 
Metacercariae collected from a local snail, Bulinus liratus, pro-
duced adults identical to E. caproni when fed to chickens (Cap-
ron as reported in Richard, 1964). Brygoo (1965) found meta-
cercariae of E. caproni in several freshwater molluscs near the 
type locality, as well as in the body cavity and kidneys of the 
Mascarene ridged frog, Ptychadaena mascareniensis. Falco 
newtoni feeds primarily on lizards (Zonosaurus spp.) and in-
sects; however, unidentified amphibians make up a small por-
tion of the diet (Rene de Roland et aI., 2005). Because there is 
no evidence of F. new toni eating snails, P. mascareniensis is 
the most likely second intermediate host in this system. Cer-
cariae of E. caproni would be most successful dispersing from 
the first intermediate host and foraging (Combes et aI., 2002) 
in shallow water, or on the bottom for tadpoles of P. mascar-
eniensis. 
Jeyarasasingam et ai. (1972) described the life cycle of Echi-
nostoma liei (=E. caproni) from Egypt in which domestic duck-
lings, rats (Rattus rattus), and the Egyptian giant shrew (Cro-
cidura olivieri) served as natural definitive hosts. Metacercariae 
of E. liei developed in a range of Biomphalaria species and 
strains, including Biomphalaria alexandrina, the original first 
intermediate host, and Bulinus truncatus. In this system, cer-
cariae of E. caproni would be most successful dispersing from 
the first intermediate host and foraging at various levels of the 
water column for snails that would make up part of the diet by 
this array of definitive hosts. 
Echinostoma caproni infects a wide range of definitive hosts 
in nature that could acquire the infection by feeding on different 
second intermediate hosts in an aquatic ecosystem. The high 
prevalence of metacercariae infection of B. glabrata in sentinel 
snails in both dark/light and topibottom of the transmission 
chamber, combined with the ability of many echinostome cer-
cariae to recognize suitable intermediate hosts at close range 
(Fried and King, 1989; Haas, 1994; Haas et aI., 1995). This 
suggests these releaser responses (light and gravity) are suffi-
ciently flexible to ensure transmission of E. caproni to the sec-
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ond intermediate hosts demonstrated to transmit the infection 
to a range of definitive hosts. 
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CHEMOATTRACTION AND HOST PREFERENCE OF THE GASTROPOD PARASITIC 
NEMATODE PHASMARHABDITIS HERMAPHRODITA 
Robbie G. Rae, Jamie F. Robertson*, and Michael J. Wilson* 
Max Planck Institute for Developmental Biology, Department of Evolutionary Biology, Spemannstrasse 37-39, Tuebingen, 72076 Germany. 
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ABSTRACT: Phasmarhabditis hermaphrodita is a parasitic nematode that has been formulated into a biological control agent for 
slugs. The nematode responds to slug-associated cues such as mucus and feces in order to locate potential hosts. We assessed 
the olfactory response of P. hermaphrodita to mucus from 9 species of slugs, 2 snails, and 2 earthworms (non-hosts). We then 
examined the susceptibility of each invertebrate test species to high doses of P. hermaphrodita to determine whether susceptible 
species are more attractive than non-susceptible species to the nematode. We also studied the numbers of infective juveniles 
produced in each test species, as well as infectivity. Phasmarhabditis hermaphrodita showed strong attraction to mucus from the 
non-susceptible slug Arion subfuscus, the snail Helix aspersa, and the highly susceptible slug Deroceras reticulatum. In repro-
duction experiments, P. hermaphrodita produced the highest number of infective juveniles in D. reticulatum and Deroceras 
panormitanum; however, there was no significant relationship with attraction. Phasmarhabditis hermaphrodita caused significant 
mortality in 5-11 gastropod species tested (and showed no chemotactic preference for susceptible or non-susceptible species). 
There was a significant positive relationship between numbers of P. hermaphrodita penetrating into non-susceptible species and 
chemotaxis response. These necromenic species represent ideal hosts for P. hermaphrodita in terms of providing protection 
against abiotic and biotic factors as well as transport to many diverse areas. 
Many nematode species are important parasites of plants and 
animals, including humans (Anderson, 2000), and host finding 
often relies on responding to a variety of different host-asso-
ciated stimuli, i.e., chemicals, touch, and temperature (Jones, 
2002). For example, the mammalian parasite, Strongyloides 
stercoralis, is attracted to sodium chloride (Forbes et aI., 2004), 
carbon dioxide (Sciacca et al., 2002), and urocanic acid from 
skin extracts (Safer et al., 2007). Parasitic insect nematodes 
(Steinemema spp. and Heterorhabditis spp.) use volatile cues, 
contact cues, feces, and carbon dioxide to locate potential hosts 
(Gaugler et aI., 1980; Lewis et al., 1992; Grewal et al., 1993; 
Lewis et al., 1993; O;-Halloran and Burnell, 2003). Pristionchus 
spp. are attracted to insect- and plant-associated compounds, as 
well as a range of bacteria (Hong and Sommer,.. 2006; Rae, 
Riebesell et aI., 2008). In addition to responses directly related 
to host cues, host finding can also involve indirect stimuli; for 
example, some nematodes parasitic for insects respond to plant 
signals that are released upon attack by beetle larvae (Diabro-
tica virgifera virgifera) (Rasmann et aI., 2005). Free-living 
nematodes also use chemical cues to locate food. Thus, Cae-
norhabditis elegans follows both water-soluble and volatile 
cues, e.g., alcohols, ketones, and aldehydes, to locate bacteria 
(Grewal and Wright, 1992; Bargmann et al., 1993). 
The gastropod parasitic nematode, Phasmarhabditis herma-
phrodita, responds to slug mucus (from the mantle and foot) 
and feces, and is weakly attracted to volatile aromatic cues (Rae 
et aI., 2006; Hapca et aI., 2007). The studies of Rae et al. (2006) 
and Hapca et al. (2007) concentrated on just 1 slug species (the 
highly pestiferous Deroceras reticulatum). Phasmarhabditis 
hermaphrodita is a facultative parasite that can reproduce in 
slug feces and other rich organic material (Grewal et al., 2003) 
or can enter gastropod molluscs and form parasitic or necro-
menic symbioses (Mengert, 1953; Maupas, 1900; Wilson et al., 
1993; Grewal et aI., 2003). The type of relationship formed 
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depends on the species of gastropod. In certain slug species, 
e.g., D. reticulatum and D. panormitanum, the nematodes enter 
the slug as dauer larvae, which develop into adults, usually 
killing the host (Wilson et al., 1993). 
Phasmarhabditis hermaphrodita is a gastropod-specific par-
asite that does not infect or kill earthworms or insects such as 
Tenebrio molitor or Zophobas morio (Wilson et al., 1994; 
DeNardo et aI., 2004; Rae et al., 2005). Because it is able to 
kill certain species of pest slugs, this nematode has been de-
veloped as a biological molluscacide (Rae et al., 2007). Con-
versely, when dauer larvae of P. hermaphrodita enter other spe-
cies, such as Arion ater and A. subfuscus, the dauer larvae do 
not develop; rather, they remain within the slug until it dies. 
The nematodes then develop and reproduce, feeding on the host 
cadaver. There are numerous examples of nematodes that enter 
necromenic relationships with a variety of hosts, ranging from 
snails to beetles (Poinar, 1986; Schulte, 1989; Sudhaus and 
Schulte, 1989; Baird et al., 1994; Manegold and Kiontke, 2001; 
Stock et al., 2005; Kiontke and Sudhaus, 2006; Herrmann et 
aI., 2007). 
Recently, Small and Bradford (2008) studied the behavior of 
P. hermaphrodita exposed to slug and snail mucus with the 
initial hypothesis that species that are resistant to P. herma-
phrodita may have antagonistic mucus properties and thus will 
be unattractive. We decided to further investigate this hypoth-
esis and examine whether the chemotactic response of P. her-
maphrodita exposed to a range of slug and snail species would 
correlate with the ability of the nematode to penetrate and re-
produce in tissues of the different mollusc species. Similar stud-
ies using entomopathogenic nematodes (obligate parasites) have 
shown that the behavioral response of Steinemema carpocapsae 
is correlated with nematode-induced mortality and level of re-
production on host insect species (Lewis et aI., 1996; Lewis, 
2002). 
MATERIALS AND METHODS 
Source of invertebrates 
Slugs and snails (see Table I) were collected from Aberdeen Univer-
sity Botanic Gardens, Aberdeen Beach and Seaton Park, Aberdeen, 
U.K., then stored in plastic boxes and fed with lettuce. Any slugs ex-
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TABLE I. 
Invertebrate Relationship with Mean weight (g) 
tested Species P. hermaphrodita ::':: standard error Reference 
Slug D. reticulatum (Miiller) Parasitic 0.26::':: 0.02 Wilson et al. (1993) 
Slug D. panormitanum Parasitic 0.21 ::':: 0.02 Wilson et al. (1993) 
(Lessona and Pollonera) 
Slug T. sowerbyi (Ferussac) Parasitic 1.56 ::':: 0.08 Wilson et al. (1993) 
Slug M. gagates Drapamaud Parasitic 0.58 ::':: 0.08 Rae, Robertson, and Wilson (2008) 
Snail C. hortensis (Miiller) Parasitic 0.88::':: 0.07 Wilson et al. (2000) 
Slug A. subfuscus Drapamaud Necromenic 0.92::':: 0.12 Grewal et al. (2003) 
Slug L. maximus (L.) Necromenic 4.02::':: 0.59 Grewal et al. (2003) 
Slug L. pseudoflavus L. Necromenic 3.05 ::':: 0.35 Rae, Robertson, and Wilson (2008) 
Slug L. marginatus (Miiller) Necromenic 0.94::':: 0.07 This study 
Snail H. aspersa Miiller Necromenic, but juveniles 4.58::':: 0.36 Glen et al. (1996) 
susceptible 
Slug A. ater (L.) Necromenic, but juveniles 1.27 ::':: 0.14 Wilson et al. (1993) 
susceptible 
Earthworm L. terrestris (L.) Not host for P. hermaphrodita 4.11 ::':: 0.18 Grewal and Grewal (2003), DeNardo et al. 
(2004), Rae et al. (2005) 
Earthworm E. hortensis (Michaelsen) Not host for P. hermaphrodita 0.64::':: 0.04 Rae et al. (2005) 
hibiting signs of P. hermaphrodita infection (see Wilson et al., 1993) 
were removed; only healthy, uninfected adult slugs were used in ex-
periments. Phasmarhabditis hermaphrodita infective juveniles were 
supplied by Becker Underwood, Littlehampton, U.K. Earthworms were 
supplied by Wiggly Wigglers, U.K., and kept in containers filled with 
moist soil until use. 
Response of P. hermaphrodita to cues from slugs, snails, and 
earthworms 
Chemotaxis assays were performed according to Rae et al. (2006). 
Briefly, 9-cm Petri dishes were filled with 1.2% technical agar. Foot 
mucus (0.01 g) was swabbed from molluscs with a l-cm2 piece of 
Whatman filter paper, and 0.01 g of body mucus was swabbed from the 
earthworms. The treated paper was then placed 1 cm frolll the edge of 
the Petri dish. On the opposite side of the dish, a l-cm2 piece of clean 
filter paper was placed as the control. Fifty P. hermaphrodita were 
added to the middle of the dishes, which were then sealed with Parafilm 
and stored at 16 C in the dark for 24 hr. Migrating nematodes present 
under and in the filter papers were then enumerated. 
Evaluating the number of P. hermaphrodita infective juveniles 
produced in each invertebrate species 
To investigate why P. hermaphrodita had a preference for specific 
mollusc or earthworm species, we examined the number of infective 
juveniles produced in each test species (Table I). White traps were con-
structed using methods described by Kaya and Stock (1997). Each 
White trap received 1 g of homogenized slug, snail, or earthworm. 
Single animals were placed in 6-cm universal tubes and were attached 
to a mechanical homogenizer for 2-3 min. One hundred P. hermaphrod-
ita infective juveniles were then added to the homogenized invertebrate, 
sealed, and incubated at 16 C for 28 days. The number of infective 
juveniles produced from each gram of homogenate was determined. The 
experiment was repeated 3 times using fresh batches of test tissues and 
nematodes. 
Assessing the susceptibility of invertebrate species to 
P. hermaphrodita 
The ability of P. hermaphrodita to parasitize and kill the 13 inver-
tebrate species was also investigated. Plastic boxes (22.3 X 11.5 X 7.7 
cm) were filled to a depth of 4 cm with approximately 750 g (wet 
weight) of Craibstone soil (a loamy sand soil, with 23% gravimetric 
water content). Copper tape was placed around the top of the boxes to 
ensure that the slugs and snails would remain on the soil surface ex-
posed to nematodes (Moens, 1967; Sydmonson, 1993). Copper tape was 
not applied to boxes used for testing the susceptibility of earthworms. 
Boxes also contained a 5-cm diameter, upside-down plastic flowerpot 
saucer as a shelter and 6 discs of Chinese cabbage (3.6-cm diameter) 
as food; L. marginatus does not eat Chinese cabbage, so this species 
was fed lichen (Usnea spp. and Cladonia spp.). The earthworms were 
not fed additional food. Every 3 days, feeding inhibition was recorded 
by placing the remaining Chinese cabbage discs on 1 X I mm graph 
paper and traced. Feeding was calculated by counting the number of 
squares eaten compared with uneaten control. The 13 species of inver-
tebrates were exposed to 1 of 3 treatments: untreated controls and soil 
treated with either 150 or 300 P. hermaphrodita per cm2, or 5-10 times 
the application number used when P. hermaphrodita is applied as a 
biological molluscicide. Three replicate boxes were used for each treat-
ment; each box received 10 individuals of the test species. Chinese 
cabbage discs were replaced every 3 days for 9 days, and the percentage 
of each disc eaten was recorded. Boxes were stored in a greenhouse 
that received natural light and dark cycles. The maximum and minimum 
temperature were monitored over the 24 days of the study and fluctuated 
between 12 and 22 C. Mortality was recorded daily for each slug and 
snail species; diseased or dead slugs were removed and examined for 
nematode infection. Mortality of the earthworms was observed only at 
the end of the experiment. After 24 days, any surviving slugs and snails 
were dissected and the number of nematodes present inside each indi-
vidual was recorded. 
Data analysis 
The numbers of P. hermaphrodita found under each piece of filter 
paper was recorded and a chemotaxis index was calculated using the 
formula: Chemotaxis index = [(number of nematodes found in treated) 
- (number of nematodes found in untreated)] -;. (total number of nem-
atodes). A chemotaxis index of 1 represents complete attraction, where-
by all nematodes were found in the mucus and none in the untreated 
control (see Zhang et aI., 2005). A chemotaxis score of -1 represents 
complete repulsion, whereby all nematodes were found in the control 
and none in the mucus. A chemotaxis index of 0 means that 50% of 
the nematodes were in the treated mucus and 50% were in the untreated 
mucus. Differences between chemotaxis indices were determined using 
Kruskal-Wallis and Mann-Whitney U-tests. One-way analysis of vari-
ance (ANOVA) and Thkey's pairwise comparison were used to test the 
differences between the numbers of infective juveniles produced on 1 
g of homogenized test species and mortality counts. Regression analysis 
was used to test linear relationships between the chemotaxis index and 
the number of infective juveniles produced, host mortality, and number 
of nematodes penetrating into each species. Numbers of P. hermaphro-
dita penetrating into the invertebrates were converted to logarithms, and 
the percentage of Chinese cabbage eaten was transformed using arcsine 
and compared using 2-way ANOV A and Tukey's pairwise comparison. 
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FIGURE 1. Chemotactic response of P. hermaphrodita exposed to test invertebrate species. Bars represent ::': 1 standard error. Letters that are 
not the same differ significantly (P :5 0.05). 
Mortality in nematode-treated invertebrates was corrected for back-
ground mortality using Abbott's formula (1925) and tested for linear 
relationships with chemotaxis responses. 
RESULTS 
Response of P. hermaphrodita to host cues from 
invertebrate test species 
There were highly significant differences among the numbers 
of P. hermaphrodita migrating to the mucus of the invertebrates 
(P :S 0.001; H = 137.73; df = 12) (Fig. 1). Arion subfuseus 
was significantly more attractive than all other mollusc and 
earthworm species (P :S 0.05). Helix aspersa did not differ from 
D. retieulatum and D. panormitanum (P > 0.05), but did differ 
significantly from all other slug, snail, and earthworm species 
(P :S 0.05). Arion ater was not different from L. maximus, L. 
pseudofiavus, T. sowerbyi, and D. panormitanum (P > 0.05). 
The snail C. hortensis did not differ from M. gagates, L. mar-
ginatus, or L. pseudofiavus (P > 0.05). Phasmarhabditis her-
maphrodita responded poorly to both earthworm species (L. 
terrestris and E. hortensis). 
Numbers of infective juveniles produced on invertebrate 
test species 
There were significant differences among the numbers of P. 
hermaphrodita infective juveniles produced on 1 g of each spe-
cies of host tissue (P :S 0.001; F = 3.60; df = 12, 104) (Fig. 
2). Highest numbers of infective juveniles were produced on D. 
panormitanum, but the numbers did not differ significantly from 
those with L. marginatus, M. gagates, C. hortensis, and D. re-
tieulatum (P > 0.05); however, they did differ significantly 
from all other species (P :S 0.05). Deroeeras retieulatum dif-
fered significantly from L. terrestris, A. ater, and E. hortensis 
(P :S 0.05), but did not differ significantly from all other species 
(P > 0.05). The earthworm L. terrestris produced similar 
amounts of infective juveniles as H. aspersa, L. pseudofiavus, 
A. subfuseus, L. maximus, T. sowerbyi, A. ater, and E. hortensis 
(P> 0.05). 
Susceptibility of invertebrate test species to 
P. hermaphrodita 
Phasmarhabditis hermaphrodita applied at 150 and 300 nem-
atodes per cm2 had no effect on mortality of A. subfuseus (P > 
0.05, F = 0.43, df = 2, 6), A. ater (P > 0.05, F = 0.173, df 
= 2, 6), L. maximus (P > 0.05, F = 0.91, df = 2, 6), L. 
marginatus (P > 0.05, F = 0.21, df = 2, 6), C. hortensis (P > 
0.05, F = 3.0, df = 2, 6), H. aspersa (P > 0.05, F = 1.0, df 
= 2, 6), L. terrestris (P > 0.05, F = 0.67, df = 2, 6), or E. 
hortensis (P > 0.05, F = 0.82, df = 2, 6) (Fig. 3). Phasmarhab-
ditis hermaphrodita caused significant mortality to D. retieu-
latum (P :S 0.001, F = 22.23, df = 2, 6), D. panormitanum (P 
:S 0.001, F = 25, df = 2, 6), and M. gagates (P :S 0.05, F = 
7.81, df·= 2,6) at 150 (P :S 0.05) and 300 nematodes per cm2 
(P :S 0.05). Phasmarhabditis hermaphrodita caused significant 
mortality to T. sowerbyi, but only at 300 nematodes per cm2 (P 
:S 0.05), not at 150 nematodes per cm2 (P > 0.05). Phasmar-
habditis hermaphrodita caused significant mortality in L. pseu-
dofiavus at 150 nematodes per cm2 (P :5 0.001), but not at 300 
nematodes per cm2 (P > 0.05). 
Feeding inhibition caused by P. hermaphrodita 
The presence of P. hermaphrodita caused significant reduc-
tions in mollusc feeding by several species (Fig. 4). The per-
centage of Chinese cabbage consumed by M. gagates, C. hor-
tensis, D. panormitanum, and D. retieulatum was significantly 
different from the untreated in slugs exposed to 150 and 300 
nematodes per cm2 on days 6 and 9 (P :5 0.05). On days 6 and 
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FIGURE 2. Mean number of P. hermaphrodita infective juveniles produced on 1 g of each invertebrate species. Bars represent ± 1 standard 
error. Letters that are not the same differ significantly (P :S 0.05). 
9, feeding by A. subfuscus was significantly inhibited at 300 
nematodes per cm2 (P ~ 0.05), but not at 150 nematodes per 
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(P > 0.05). There was no effect of P. hermaphrodita on the 
feeding of L. pseudoflavus (P > 0.05) or A. ater (P > 0.05). 
Numbers of P. hermaphrodita penetrating into 
invertebrate species 
Only surviving slugs and snails were dissected. The number 
of P. hermaphrodita penetrating into A. subfuscus, A. ater, L. 
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FIGURE 3. Susceptibility of invertebrate species exposed to 0 (black bars), 150 (grey bars), and 300 (white bars) P. hermaphrodita per cm2 • 
Bars represent ± 1 standard error. 
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persa and A. subfuscus) life cycles. The other slug and snail 
species induced intermediate levels of attraction and the 2 non-
host species of earthworm (L. terrestris and E. hortensis) were 
the least attractive. In similar studies, parasitic nematodes have 
been shown to exhibit little response to non-host organisms, 
e.g., S. carpocapsae exhibited no host response exposed to chi-
lopodan and isopoda hosts (Lewis et aI., 1996). 
Other parasites have also shown differences in host prefer-
ence. Hassan et aI. (2003) exposed miracidia of Schistosoma 
mansoni from Egypt and Brazil to snail-conditioned water 
(SCW) by several snail species. Egyptian S. mansoni signifi-
cantly preferred SCW from their compatible hosts (B. alexan-
dria and B. arabica) and showed no response, or a very weak 
one, to SCW from the other sympatric species. However, mi-
racidia of the Brazilian strain did not differentiate between 
SCW from different snail species (Hassan et aI., 2003). Also, 
Kalbe et aI. (1996) demonstrated that miracidia of an Egyptian 
strain of S. mansoni were capable of discriminating between 
SCW from 4 different snail species. This ability to differentiate 
between cues from different hosts has been demonstrated by 
the miracidia of Trichobilharzia ocellata, Trichobilharzia fran-
ki, and Fasicola hepatica (Kalbe et aI., 2000; Koch, 2001). 
In addition to attraction, there were large differences in the 
reproductive capacity of P. hermaphrodita when reared on tis-
sue from different hosts. The numbers of nematode progeny 
were greatest when reared on D. panormitanum, but were sim-
ilar to numbers on L. marginatus, M. gagates, C. hortensis, and 
D. reticulatum. While both earthworm species gave rise to com-
paratively low numbers of new P. hermaphrodita, the numbers 
were not significantly lower than the number of many slug or 
snail species. This indicates that P. hermaphrodita is a facul-
tative parasite that can reproduce well on decaying organic mat-
ter. 
Contrary to our stated hypothesis, there was no relationship 
between the reproductive success and the attractiveness of each 
invertebrate species. This means that P. hermaphrodita does not 
select potential hosts purely on the basis of producing the larg-
est number of infective juveniles; this finding implies there are 
other, more important, aspects of the host/parasite interaction 
that determine host choice. 
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Deroceras reticulatum, D. panormitanum, and M. gagates 
were susceptible to 5 and 10 times the recommended number 
for P. hermaphrodita. At 300 nematodes per cm2, T. sowerbyi 
caused significant mortality, while P. hermaphrodita applied at 
ISO nematodes per cm2 caused significant mortality to L. pseu-
doflavus. On day 2, lesions and swollen mantles were present 
on the most susceptible species such as D. reticulatum and M. 
gagates. Interestingly, C. hortensis was reported to be suscep-
tible to P. hermaphrodita (Wilson et aI., 2000), but we observed 
no significant mortality. Phasmarhabditis hermaphrodita did 
not cause mortality to L. terrestris or E. hortensis; this finding 
is in line with those of other studies (Grewal and Grewal, 2003; 
DeNardo et aI., 2004; Rae et aI., 2005). 
Feeding inhibition caused by infection with P. hermaphro-
dita is known to be a more sensitive indicator of infection than 
slug mortality (Glen et aI., 2000). This was shown in our work, 
where feeding was significantly inhibited in a wider range of 
invertebrates that were killed by P. hermaphrodita, with feed-
ing inhibition being seen in C. hortensis, A. subfuscus, and T. 
sowerbyi in addition to cessation in species that were eventually 
killed by P. hermaphrodita. An unexpected finding was that H. 
aspersa and L. maximus exposed to P. hermaphrodita con-
sumed significantly more than their untreated equivalents. The 
sites and developmental states of nematodes found within slugs 
varied among host species. In some slugs, e.g., L. maximus and 
L. pseudoflavus, nematodes were trapped in the gelatinous part 
of the slug shell, which is thought to be produced as a defense 
response against the nematodes (Rae, Robertson, and Wilson, 
2008). These shells contained both adult and L2 P. hermaphro-
dita. It is not known whether the nematodes were able to re-
produce within the shell of the slug or whether juveniles pro-
duced by the adults were present outside of the shell and were 
then trapped. Some adults trapped in the shell exhibited signs 
of endotokia matricida, where the juveniles, present inside the 
adult feed on the mother, which results in the death of the adult 
(Johnigk and Ehlers, 1999). In A. ater and A. subfuscus, clumps 
of infective juveniles were found trapped in the granular shell. 
The shell of most arionid slugs has been reduced to discrete 
calcareous granules that may aggregate into an irregular mass 
(South, 1992). The presence of these nematodes in the shells 
of slugs suggests that this may be a defense mechanism or an 
immune response to invading nematodes; this clearly warrants 
further research. 
Nematodes were also found on the outside of some slug spe-
cies, such as A. subfuscus, and were located at the pore of the 
mantle in large numbers, e.g., 167 infective juveniles on a sin-
gle A. subfuscus. Nematodes were also observed in lesions on 
the tail of A. subfuscus and had developed into the L4 stage. 
Phasmarhabditis hermaphrodita managed to penetrate into 
all slug and snail species to varying degrees, with the exception 
of L. marginatus. Morand et al. (2004) and Mengert (1953) 
conducted separate surveys looking for slug-associated nema-
todes, then collected and dissected 106 and 7 L. marginatus, 
respectively. In these 2 surveys, no slug was found to have 
recruited a single nematode parasite. It seems likely that P. 
hermaphrodita cannot penetrate into this slug species. This 
could be due to an anatomical adaptation such as no pore at 
the back of the mantle. Moreover, L. marginatus lives in wood-
ed areas, where it climbs tree trunks and feeds on fungi and 
lichens (Janus, 1965); it probably does not come into contact 
with P. hermaphrodita or other parasites regularly. 
Small and Bradford (2008) showed that P. hermaphrodita 
increased frequency and duration of head thrusting and head 
waving compared to controls (no mucus), but they could not 
find any difference in these behaviors when P. hermaphrodita 
was exposed to susceptible and non-susceptible slug and snail 
species. In addition to a chemotactic response, we recorded 
numbers of infective juveniles grown on host species, feeding 
inhibition, penetration, and mortality. We found that the most 
attractive necromenic hosts tended to harbor greater numbers 
of P. hermaphrodita, although the exact reasons for this obser-
vation were not elucidated. Both parasitic and necromenic life 
cycle strategies offer advantages. When P. hermaphrodita par-
asitizes a slug, it kills the host within 21 days and then multi-
plies prolifically in the cadaver, producing tens of thousands of 
offspring. There are many advantages of the necromenic rela-
tionship in addition to the reproduction that will occur when 
the host dies. For example, penetration into the slug will pro-
vide the nematode with shelter and transport. Thus, while inside 
a slug or snail, P. hermaphrodita will be protected from un-
suitable physical conditions or soil predators such as mites or 
collembola. The nematode will also be transported to diverse 
habitats, since terrestrial gastropods are known to range from 
soils, subterranean caverns, litter, and low vegetation, to rock 
surfaces, epiphytes, and tree canopies (Heller, 2001). However, 
if the slug host is consumed by a predator, then obviously, these 
benefits will not accrue. 
The exact reasons for the attraction to certain slug and snail 
species has not been fully elucidated from this study, as we 
found no relationship with reproductive potential or host mor-
tality. Other studies examining the reasons behind nematode 
host preference have reported mixed results. Lewis et al. (1996) 
found that of II arthropod hosts, Agrotis ipsilon stimulated the 
strongest behavioral response to S. carpocapsae, supported the 
highest level of reproduction, and incurred 100% mortality. In 
contrast, Lim and Driesche (2005) investigated host preference 
of the nematode Thripinema nicklewoodi in response to 4 thrip 
species by examining host penetration, parasitism, and nema-
tode reproduction in hosts. The authors concluded that they 
found no host preference of T. nicklewoodi exposed to these 4 
thrip species (Lim and Driesche, 2005). 
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INFECTIVITY OF DIPLOSTOMUM SPP. IN ARCTIC CHARR: ASPECTS OF EXPOSURE 
DURATION AND CERCARIAE MORPHOLOGY 
Ari Voutilainen and Jouni Taskinen* 
Ecological Research Institute, Faculty of Biosciences, University of Joensuu, PO. Box 111, 80101 Joensuu, Finland. 
e-mail: ari.voutilainen@joensuu.fi 
ABSTRACT: The diplostomid flukes, Diplostomum spp" infect fish and cause cataract opacities in the eye lens, The effect of 
exposure dose on abundance of Diplostomum spp. eye flukes in fish is known, but the effect of the duration of cercariae exposure 
has not been studied. However, under natural conditions, the temporal window for a successful cercaria attachment on fish is 
very short and, consequently, differences in infectivity of eye fluke cercariae, in the short-exposure durations of a few seconds, 
are probably biologically the most meaningful. We investigated infectivity of Diplostomum spp, cercariae originating from snail 
hosts in 3 lakes (3 Lymnaea stagnalis populations and I Radix balthica population) in 6 exposure times, ranging from 5 sec to 
15 min, in young-of-the-year Arctic charr Salvelinus alpinus. In addition, we compared the infectivity to the cross-morphology 
of the cercariae. In the long-exposure duration, i.e" 2:5 min, infectivity of Diplostomum spp. did not vary between the snail host 
species (L. stagnalis and R, balthica) of the same lake or across the L. stagnalis populations of 3 different lakes, However, in 
the short-exposure duration, i.e" :0;60 sec, Diplostomum spp, cercariae shed from L. stagnalis had higher infectivity than did 
cercariae from R. balthica of the same lake. This indicates that that there is an interaction between length of cercariae exposure 
and origin of Diplostomum spp., and that the duration of exposure may influence the results when fish are experimentally infected. 
Within a lake, cercariae shed from L. stagnalis were also smaller than cercariae shed from R. balthica. 
The trematode flukes Diplostomum spp. use aquatic lymnaeid 
snails and fish as intermediate hosts and fish-eating birds, main-
ly gulls, as definitive hosts in their complex life cycle, In gen-
eral, Diplostomum spp. cercariae are known to be highly infec-
tious to fish (e.g., Whyte et aI., 1991; Lyholt and Buchmann, 
1996), although the infectivity may vary between Diplostomum 
(Larsen et aI., 2005) and fish species (Betterton, 1974; Speed 
and Pauley, 1984) as well as between individuallymnaeid snails 
from which the cercariae were released (SeppaHi et aI., 2007). 
The relationship between the abundance of Diplostomum spp. 
metacercariae in the fish eye lens and the number of cercariae 
to which fish are exposed is well known to be positive and 
more-or-Iess linear (Brassard et aI., 1982; Stables and Chappell, 
1986; Whyte et aI., 1991; Karvonen et aI., 2003),.However, the 
effect of exposure time on Diplostomum spp. abundance in fish 
is very poorly studied. This is surprising, as in nature, where 
fish can actively escape cercariae (Karvonen et aI., 2004), the 
parasite may have only a few seconds to make contact with the 
host. Because the transmission of Diplostomum spp. cercariae 
to fish is passive (Hoglund, 1995; Karvonen et aI., 2003), the 
probability of contact between the parasite and fish increases in 
relation to time. Differences between the cercariae in the ability 
to recognize the appropriate fish host and to remain on the fish 
surface (Haas et aI., 2002) may, consequently, result in differ-
ences in the transmission efficiency between Diplostomum spp. 
when the temporal window is short, In the present study, we 
examined the effect of the duration of cercariae exposure (from 
5 sec to 15 min) on the infectivity of Diplostomum spp. in 
young-of-the-year Arctic charr, Salvelinus alpinus, and com-
pared the infectivity between Diplostomum spp, parasitizing 2 
snail host species, Lymnaea stagnalis and Radix balthica (for-
merly known as R. peregra and L. peregra) of the same lake 
as well as across Diplostomum spp, parasitizing L. stagnalis of 
3 different lakes. Furthermore, we measured the cross-mor-
phology of Diplostomum spp. cercariae shed from L. stagnalis 
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and R. balthica because we wanted to determine if possible 
differences in the infectivity of the cercariae correspond to 
those in their morphology. For example, large cercariae may 
have greater energy reserves, perhaps resulting in more-effec-
tive infection when the duration of cercariae exposure is longer. 
Moreover, acknowledging the challenges associated with Di-
plostomum spp. identification at the cercaria stage, by utilizing 
the morphological information, we discussed the possibility that 
the snail hosts L. stagnalis and R. balthica are parasitized by 
different Diplostomum species. In general, trematode parasites 
show a high degree of specificity for their gastropod hosts (see, 
for example, Sapp and Loker, 2000). 
MATERIALS AND METHODS 
To obtain Diplostomum spp. parasites, 3 lakes in Finland, Huumon-
jarvi (65°06'N, 26°08'E), Pieni Hietajarvi (62°28'N, 300 13'E) and Yla-
Enonvesi (62°03'N, 29°00'E), were sampled for L. stagnalis and R. 
balthica in August of 2007. Lymnaea stagnalis were found in all lakes, 
but R. balthica was only found in Lake Yla-Enonvesi. Snails were trans-
ported to the laboratory at the University of Joensuu, Finland, where 
the experiments were carried out. The snails were kept in a large bucket 
of water from the collection site and fed with lettuce ad libitum until 
verification of Diplostomum spp. infection. The snails were placed sin-
gly in 0.5-L plastic containers in de-chlorinated tap water, and the par-
asites were stimulated to shed cercariae by temperature (20 C). Samples 
(10 ml) pipetted from the containers were examined microscopically, 
and diplostomids were identified according to size and morphology of 
cercariae (Niewiadomska, 1986; Larsen et aI., 2005). Prevalence of Di-
plostomum spp. in L. stagnalis of Lake Huumonjarvi, Lake Pieni Hie-
tajarvi, and Lake Yla-Enonvesi was 21.1%, 5.0%, and 1.7%, respec-
tively. Prevalence of Diplostomum spp. in R. balthica of Lake Yla-
Enonvesi was 10.0%. 
For the experiment, which was carried out between 3-23 August 
2007, 5 Diplostomum spp.-infected snails were randomly selected from 
each population (see Seppala et aI., 2007) and placed in 6-L glass aquar-
ia (I aquarium for each population). When the release of Diplostomum 
spp. cercariae from the snails began, young-of-the-year Arctic chaIT that 
were bred and reared in the Finnish Game and Fisheries Research In-
stitute's fish farm at Enonkoski (and represented the landlocked Lake 
Saimaa popUlation) were singly exposed to 45 :+:: 2 (mean:+:: SD) Di-
plostomum spp. cercariae from I snail popUlation in 0.5-L transparent 
plastic containers filled with dechlorinated tap water at 15.0 :+:: 0.4 C 
(mean :+:: SD) (Stables and Chappell, 1986; Lyholt and Buchmann, 
1996) for 5 sec, 30 sec, 60 sec, 5 min, 10 min, and 15 min. The pro-
cedure had 3 replicates so that 3 fish were exposed to the parasites from 
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TABLE II. Mean ± SE dimensions (urn) of Diplostomum spp. cercariae. The dimensions that did not differ between the populations (MAN OVA 
and LSD, P > 0.05) are indicated with the same letter. Total length was not included in the analysis. 
Lake of origin: Huumonjlirvj Pieni Hietajarvj Yla-Enonvesi Yla-Enonvesi 
Snail host species: Lymnaea stagnalis Lymnaea stagnalis Lymnaea stagnalis Radix balthica 
Body length 143 ± 3a 155 ± 3a 
Body width 48 ± 1 a.h 47 ± 1" 
Tail stem length 167 ± 2a 183 ± 2h 
Furca length 206 ± 8a 200 ± 6a 
Total length 310 ± 5 338 ± 5 
0.3% in the shortest-exposure duration (5 sec) to 15.4% in the 
longest-exposure duration (15 min). 
The number of old Diplostomum spp. metacercariae in the 
Arctic charr eye lens (0.3 ± 0.1 metacercariae fish-I, mean ± 
SE) did not differ between the fish groups exposed to Diplo-
stomum spp. from different snail populations or between the 
fish groups treated with different exposure durations (Kruskal-
Wallis, P > 0.05 for both analyses). Fish length correlated pos-
itively with the abundance of old Diplostomum spp. metacer-
cariae in the eye lens (r = 0.32, P < 0.01), but not with the 
abundance of new metacercariae (r = 0.03, P > 0.05). 
Morphological measures of Diplostomum spp. cercariae shed 
from the snails L. stagnalis and R. balthica varied across the 4 
host populations (MANOYA: Wilks' A, F = 16.13, P < 0.01; 
body length, F = 42.52, P < 0.01, r2 = 0.89; body width, F 
= 4.91, P < 0.05, r = 0.48; tail length, F = 58.47, P < 0.01, 
r2 = 0.92; furca length, F = 7.76, P < 0.01, r = 0.59). Cer-
cariae shed from L. stagnalis, i.e., those that had higher infec-
tivity when exposure duration was short, had shorter tail stems 
and furcae than those shed from R. balthica within the same 
lake (Lake YHi-Enonvesi) (Table II). Among the L. stagnalis 
populations, cercariae from Lake YHi-Enonvesi had longer and 
wider bodies, and longer tail stems, than those from Lake Pieni 
Hietajarvi and Lake Huumonjarvi (Table II). Thus, morpholog-
ical differences existed both between snail host species and be-
tween host populations. Size of L. stagnalis hosts (shell height 
50.0 ± 3.2 mm, mean ± SD, in the whole dataset, n = 5 for 
each population) that were randomly selected for the shedding 
of Diplostomum spp. cercariae did not vary between the pop-
ulations (ANOYA, F2•12 = 0.02, P > 0.05). Mean ± SD shell 
height of R. balthica hosts (n = 5) was 19.4 ± 1.1 mm. 
DISCUSSION 
In the long-exposure durations of 5-15 min, no differences 
in infectivity across Diplostomum spp. cercariae originating 
from L. stagnalis of 3 different lakes, or between 2 snail host 
species, L. stagnalis and R. balthica, of the same lake, were 
observed. However, in the short-exposure durations of 5-60 
sec, Diplostomum spp. cercariae shed from L. stagnalis of Lake 
Yla-Enonvesi caused heavier infections in charr than did cer-
cariae from R. balthica of the same lake. In natural conditions, 
the temporal window for a successful cercaria attachment of 
Diplostomum spp. on fish is very short, as fish can actively 
avoid the cercariae by escaping (Karvonen et aI., 2004). Con-
sequently, the observed infectivity difference between Diplo-
stomum spp. cercariae in the short-exposure durations of sec-
onds is especially meaningful from a biological perspective. 
198 ± 6b 206 ± 5b 
53 ± Ie 51 ± I b•e 
201 ± 6e 256 ± 7d 
213 ± 7a 250 ± 11h 
399 ± 12 462 ± 12 
Although the results suggest that the Diplostomum spp. cercar-
iae originating from L. stagnalis may be better in infecting the 
fish host in a short period of time than are those originating 
from R. balthica, we cannot conclude whether the observed 
difference in infectivity is a result of differences in transmission 
efficiency between 2 Diplostomum species or if the infectivity 
of cercariae is somehow altered by snail host species, because 
only 1 snail host pair was included. Moreover, it is possible that 
the nutritional state of the snail host could affect the develop-
ment of parasite cercariae inside the snail (Belfaiza et aI., 2004; 
Seppala et aI., 2008) and impact the parasite's transmission ca-
pability. We acknowledge that the snails sampled from Lake 
Huumonjarvi were maintained in the laboratory and fed on let-
tuce a week longer than the snails from other lakes before con-
ducting the infection experiments. However, Diplostomum spp. 
cercariae from all snail host populations were shed from the 
hosts within 2 hr before being pipetted in the exposure con-
tainers. More importantly, the difference in the infectivity of 
Diplostomum spp. cercariae was detected between the 2 snail 
species of L. stagnalis and R. balthica from Lake Yla-Enonvesi, 
which were sampled on the same day. 
The transmission of Diplostomum spp. cercariae to fish is 
passive (Hoglund, 1995; Karvonen et aI., 2003), so that the 
cercariae contact their fish hosts by chance. The appropriate fish 
host is recognized according to unique chemical cues which 
stimulate Diplostomum spp. cercariae to remain on the host and 
to penetrate the skin (Haas et aI., 2002). Thus, possible differ-
ences in the abilities to recognize the cues, or to remain on the 
fish, between Diplostomum spp. may affect the transmission 
efficiency of cercariae, especially when the temporal window 
is short. In the relationship between the Diplostomum spp. 
metacercariae abundance in Arctic charr and the duration of 
cercariae exposure, the infectivity of the parasite had already 
begun to "saturate" when the duration exceeded 5 min. Simi-
larly, at high-exposure densities (> 1,000 cercariae fish-I), the 
proportion of D. spathaceum that establish in the fish eye is 
significantly lower than at the lower-exposure densities (Bras-
sard et aI., 1982; Whyte et·aI., 1991). It is possible that, when 
fish are exposed to Diplostomum spp. cercariae for several min-
utes, all cercariae present-including those with weak abilities 
to recognize the host and to remain on the fish surface-have 
time to invade the fish, or that strong fish immune response 
elicited by frequent contacts with the cercariae hinders the cer-
cariae in causing further infections (see also Hoglund, 1991). 
Indeed, when using exposure time in lOs of minutes, as in many 
earlier experimental studies with Diplostomum spp. (e.g., Bras-
sard et aI., 1982; Hoglund, 1991; Karvonen et aI., 2003; Sep-
530 THE JOURNAL OF PARASITOLOGY, VOL. 95, NO.3, JUNE 2009 
p~i1a et aI., 2007; Voutilainen et aI., 2008), we would not have 
observed the difference in the infectivity of Diplostomum spp. 
cercariae between snail host species of Lake Yla-Enonvesi in 
the present study. 
Infectivity of D. spathaceum cercariae shed from L. stagnalis 
of Lake Huumonjarvi in young-of-the-year rainbow trout, On-
corhynchus mykiss, which had no previous contact with the par-
asite, ranged between 56 and 88% in an exposure lasting 20 
min (Seppala et aI., 2007). The result corresponds to that of 
Brassard et aI. (1982) who infected brook trout, Salvelinus fon-
tina lis (a closely related species to S. alpin us) with D. spatha-
ceum. On the other hand, infectivity of 10-15% of D. spatha-
ceum in young rainbow trout has been verified, when the fish 
have had previous contact with the parasite (Karvonen et aI., 
2005) or when prior contacts have not been prevented (Stables 
and Chappell, 1986; Hoglund, 1991). In the present study, we 
used Diplostomum spp. from the same Lake Huumonjarvi L. 
stagnalis population as Seppala et aI. (2007) and observed the 
infectivity in young-of-the-year Arctic charr as being about 
12% with the exposure duration of 15 mirt. The observed in-
fectivity of Diplostomum spp. might have been higher if the 
Arctic charr had been naIve, because prior contacts with Di-
plostomum spp. can protect fish against additional infections 
through acquired resistance (Karvonen et aI., 2005). Before the 
present study, Arctic charr, a Holarctic polymorphic salmonid 
fish that is energetically and ecologically adapted to low tem-
perature, have not been used as intermediate hosts in reported 
experimental Diplostomum spp. infections, although Diplosto-
mum spp. infections in natural Arctic charr populations can be 
prevalent and abundant (Liljedal et aI., 1999). 
In addition to the iv.fectivity in Arctic charr, morphology of 
the cercariae also supported the view that Diplostomum spp. 
from L. stagnalis and R. balthica of the same lake (Yla-Enon-
vesi) differ from each other. In contrast to our original hypoth-
esis, larger cercariae (originated from R. balthica) did not show 
higher infectivity during the long-duration exposure. However, 
the idea that the size of cercariae could be connected to Di-
plostomum spp. transmission efficacy in short versus long ex-
posure cannot be rejected, because the smaller-sized cercariae 
(from L. stagnalis) had higher infectivity in short exposures. 
The cercariae shed from L. stagnalis of all 3 lakes resembled 
D. pseudospathaceum, and the cercariae shed from R. balthica 
of Lake Yla-Enonvesi were similar to D. spathaceum (Niewia-
domska, 1986; Niewiadomska and Kiseliene, 1994; Larsen et 
aI., 2005). In Finland, D. pseudospathaceum, using especially 
L. stagnalis as the first intermediate host, has been verified and 
reported in surveys (Vayrynen et aI., 2000; Faltynkova et aI., 
2007). Diplostomum spathaceum has also been identified and 
used in many experimental studies (e.g., Karvonen et aI., 2003, 
2004, 2005). Identification of diplostomid species according to 
morphology of cercariae is not unambiguous; it is possible that 
growth and size of trematode cercariae is affected by changes 
in the host's external environment, which have effects on the 
host's physiology (see also Lafferty and Kuris, 1999), as well 
as by the age of parasite infection in the snail host. In addition, 
it is possible that the patterns of growth and development of 
diplostomids are dependent on host species (Graczyk, 1991; 
Niewiadomska and Szymanski, 1991). Nevertheless, differenc-
es in body size and form, together with the resting posture of 
Diplostomum spp. cercariae, have been used as generic features 
(Niewiadomska, 1986; McKeown and Irwin, 1995) that corre-
spond with the results of phylogenetic analyses (Galazzo et aI., 
2002; Niewiadomska and Laskowski, 2002). Thus, the mor-
phology and size of cercariae suggest that Diplostomum spp. 
shed from different L. stagnalis populations represented the 
same species ("D. pseudospathaceum"), while Diplostomum 
shed from R. balthica represented another species ("D. spatha-
ceum"). Generally, trematode parasites show a high degree of 
specificity for their gastropod hosts (Sapp and Loker, 2000). 
To conclude, the present results indicate that the duration of 
cercariae exposure may influence the results when fish are in-
fected experimentally with Diplostomum spp. cercariae. There-
fore, more attention should be paid to the duration of cercariae 
exposure in infection experiments, especially in the brief ex-
posures which may represent the natural situation when a fish 
host can escape. The questions of whether or not the observed 
differences in infectivity and morphology of cercariae were 
genuine differences between Diplostomum spp.--or if the in-
fectivity and morphology of one Diplostomum sp. was altered 
by different snail host species, L. stagnalis and R. balthica-
remain unresolved. 
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A NEW SPECIES OF ANOMIOPSYLLUS BAKER, 1904 (INSECTA: SIPHONAPTERA), AND 
NOTEWORTHY RECORDS OF FLEAS FROM NELSON'S WOODRAT, NEOTOMA NELSONI 
(RODENTIA: CRICETIDAE), IN THE ORIENTAL BASIN, MEXICO 
Roxana Acosta and Jesus A. Fernandez' 
Museo de Zoologfa "Alfonso L. Herrera," Departamento de Biologfa Evolutiva, Facultad de Ciencias, UNAM, Apdo. Postal 70-399, 04510 
Mexico D.F., Mexico. e-mail: roxana.a2003@yahoo.com.mx 
ABSTRACT: We report the first record of ectoparasites from Nelson's woodrat, Neotoma nelsoni, a rare, endemic mammal of east-
central Mexico. We also describe a new flea species of Anomiopsyllus (A. perontesis n. sp.), which presents a complete row of 
bristles on sternum IX and 3 blunt spines on movable process; provide a new country record for the flea Stenistomera alpina 
(Baker, 1985); and report a new host record for the flea Echidnophaga gallinacea (Westwood, 1875). A taxonomic key for the 
new species is included. 
Nelson's woodrat, Neotoma nelsoni Goldman, 1905, is en-
demic to the Oriental Basin of east-central Mexico (eastern 
Puebla and west-central Veracruz) (Hall and Dalquest, 1963; 
Hall, 1981; Gonzalez-Christen et al., 2002; Gonzalez-Ruiz et 
al., 2006). This rare species is listed as endangered by the Mex-
ican government and international agencies and, until the pres-
ent study, it was known from only 3 localities (Baillie, 1996; 
Luiselli-Fernandez, 2002). Neotoma Say and Ord, 1825 con-
tains 22 recognized species of woodrats, with more than 100 
records of fleas found on them (Tipton et al. 1979; Musser and 
Carleton, 2005). Species of the North American subfamily An-
omiopsyllinae (Anomiopsyllus and Stenistomera) are the most 
common fleas parasitizing woodrats (Barnes et aI. 1977; Tipton 
et al. 1979). 
The Anomiopsyllinae is comprised of 6 genera: Anomiopsyl-
Ius, Callistopsyllus JQrdan and Rothschild, 1915, Conorhinop-
sylla Stewart, 1930, Jordanopsylla Traub and Tipton, 1951, Me-
garthroglossus Jordan and Rothschild, 1915, and Stenistomera 
Rothschild, 1915. Species in the subfamily have a high affinity 
for the host nest and, relative to other fleas, show degenerate 
morphology including loss of eyes, reduced jumping ability, 
and considerable reduction in chaetotaxy (Mendez, 1955). An-
omiopsyllus has 15 species (Adams and Lewis, 1995), 8 of 
which are distributed in Mexico (A. durangoensis Holland, 
1965, A. martini Holland, 1965, A. nidiophilus Tipton and Men-
dez, 1968, A. novomexicanensis Williams and Hoff, 1951, A. 
nudatus (Baker, 1898), A. oaxacae Barnes, 1965, A. sinuatus 
Holland, 1965, and A. traubi Barrera, 1951 (Barnes et aI., 1977; 
Morales and Llorente, 1986; Ayala-Barajas et aI., 1988; Salceda 
and Hastriter, 2006). Stenistomera contains 3 species: S. alpina 
(Baker, 1895), S. hubbardi Egoscue, 1968, and S. macrodactyla 
Good, 1942, distributed from Alberta, Canada to the southern 
United States (New Mexico). 
Echidnophaga gallinacea (Westwood, 1875) of the Pulicidae 
has been recorded from several vertebrate hosts worldwide 
(Hopkins and Rothschild, 1953); this species has not been pre-
viously recorded from species of Neotoma. 
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MATERIALS AND METHODS 
Rodents were trapped in the wild using standard methods approved 
by the American Society of Mammalogists (Gannon et al., 2007). Fleas 
were collected from 1 specimen of Nelson's woodrat, N. nelsoni, on 22 
June 2007 from near EI Frijol Colorado, Municipality of Perote, Vera-
cruz (19°34'20A"N, 97°23'00.7"W, 2,435 m). Parasites were preserved 
in 70% ethanol and mounted following the method of Smit (1957). 
Slide-mounted specimens were examined with an Olympus vanox-T 
microscope (Olympus Corporation, Tokyo, Japan). Species-level iden-
tifications were made using taxonomic keys by Hopkins and Rothschild 
(1956), Barnes et al. (1977), Tipton et al. (1979), and Acosta and Mor-
rone (2003). Digital photographs were taken with a Canon camera (Can-
on, Inc., Tokyo, Japan), and digitized images were prepared with Adobe 
Photoshop 4.0 (Adobe Systems Inc., San Jose, California). 
RESULTS 
Three species of fleas were collected from N. nelsoni. One 
represents a species new to science, another is a new host rec-
ord, and the third represents a new locality record. The host 
specimen (obtained under Mexican collecting permit FAUT-
0002 issued to Fernando Cervantes Reza) is deposited as mam-
mal specimen no. 36663 in the Museum of Natural Science, 
Louisiana State University (LSUMZ), Baton Rouge, Louisiana. 
Eight specimens of fleas, representing the 3 species, are depos-
ited in the Museo de Zoologia "Alfonso L. Herrera," Facultad 
de Ciencias, Universidad Nacional Aut6noma de Mexico 
(MZFC), Mexico City, D.E 
DESCRIPTION 
Anomiopsyl/us perotensis n. sp. 
(Figs. 1-8) 
General diagnosis: Males easily distinguished from females by pres-
ence of 3 blunt, pigmented spiniforrns, ranging in size from large to 
small on movable process of clasper, and a row of bristles along dorsal 
margin of st IX; female not readily distinguishable. 
Male: General features as in Figures 1 and 2. Conspicuous frontal 
tubercle. Ocular row of 2 or 3 slender setae. Postantennal region with 
2 or 3 very small setae on posterior margin and 1 larger seta ventrally. 
Eyes absent, as in other species of this genus. Genal lobe rounded. 
Antenna long, with club concealing much of proepisternum. Maxillary 
palpus as long as labial palpus. Labial palpus of 4 segments in addition 
to palpiger, reaching distal end of fore trochanter. 
Thoracic segments each with single row of approximately 4 setae 
with small intercalary bristles and few scattered lucodiscs. Mesepister-
num with single seta near pleural rod and 2 or 3 small ones near the 
anterior margin. Metepimeron with seta below spiracle and another at 
dorsoposterior angle. One pair of long apical setae on second tarsal 
segment, extending almost to base of claws on fifth segment. 
Abdominal tergum I with 2 apical spinelets and a single row of setae; 
very small intercalary setae and a lucodisc associated with lowest seta 
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1- 6. Anomiop lIus peroten is n. p. (1) H ad, ma l ; (2) l rminal abdominal gm nt , ma l ; (3) m abl and imm vabl pr c 
t rnum IX, ma le; (5) t rnum VII , ~ male; (6) p rmath ca . 
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FIGURES 7-8. Anomiposyllus perotensis n. sp. (7) movable process, male; (8) sternum IX, male. 
in row. Tergum II with single apical spinelet; other terga normally lack 
spinelets. Terga II-VI each with single row of setae containing about 
5, 5, 4, 4, and 4 setae, respectively; some tiny intercalary setae and 
lucodisc close to base of lowest, or next-lowest, seta of each row. Small, 
round, and enlarged spir~cles. Abdominal sterna each with 2 setae ven-
trally and few lucodiscs in areas overlapped by terga. Tergum VII with 
1 antepygidial seta and 2 tiny lateral bristles. 
Genital clasper (Figs. 3, 7) with ventral margin nearly flat rather than 
convex. Fixed process strongly developed, with long apical seta and 
scattered smaller ones nearby. Movable process broad, anterior margin 
straight, apex roundly angulated, dorsal margin slightly curved, with 3 
well-developed rows of blunt, pigmented spiniforms ranging in size 
from large to small. Spiniforms grouped on apical part of process, fol-
lowed by bristles somewhat smaller than spiniforms; similar distance 
between first and third spiniforms. Several fairly strong setae on mesal 
surface between third and fourth spiniforms and several others on apical 
margin. Slender acetabular seta present. Proximal arm of sternum IX 
broader than distal arm (Figs. 4, 8), with dorsal margin somewhat 
straight, ending in a curve; distal arm longer than proximal arm, slender 
with straight margins; apex rounded with 2 short spiniforms and, below 
these, a row of 10 or 11 long, narrow bristles. A shallow depression 
near the base of sternum IX, with a row of 5 stout and longer bristles. 
Shape of phallosome simple, with some of its features illustrated in 
Figure 2; apodeme of aedeagus wide with apex acuminate. Apex of 
manubrium rounded and narrow and posterior margin somewhat sinu-
ous. Sternum VIII with 1 long bristle. 
Female: Details of chaetotaxy similar to those of male. Longest seta 
of second segment of hind tarsus extends only to about middle of fifth. 
Apical margin of sternum VII with broad, shallow sinus above a round-
ed lobe (Fig. 5). Tergum vrn with a projecting lobe, usually bearing 2 
apical setae. One long antepigydial bristle. Spermatheca (Fig. 6) much 
like that of A. hiemalis; tail angulated 90°; body rounded as in other 
species. 
Taxonomic summary 
Type host: Neotoma nelsoni Goldman, 1905, Nelson's woodrat. 
Types: Male holotype (06920-MZFC-S) and 4 paratypes (1 male, 3 
females 06921, 06922, 06923, and 06924-MZFC-S, respectively). 
Type locality: Mexico: Veracruz, Municipio Perote, 3 km S El Frijol 
Colorado, 19°34'20A"N, 97°23'OO.7"W, 2,435 m. CoIl. Jesus A. Fer-
mindez. 
Etymology: The species is named after the place where the specimens 
were collected in the municipality of Perote, Veracruz. 
Remarks 
Species of Neotoma live in a wide variety of habitats including de-
serts, brushlands, and pine-oak forests. The majority of flea species in 
Anomiopsyllus are associated with Neotoma spp., including several en-
demic forms (Medvedev, 2000). This is the first species of the genus 
apparently associated exclusively with N. nelsoni. 
Both Neotoma and Anomiopsyllus are solely North American taxa; 
Barnes et al. (1977) mentioned the possibility that these hosts and par-
asites have co-evolved during what is assumed to be a long history of 
association. However, further studies on the association between fleas 
and woodrats will be necessary to elucidate their evolutionary history 
and association. 
To accommodate the new species, the last section of the key by 
Barnes et 81. (1977) is modified as follows: 
14 (13). Apex of finger distinctly acuminate; posterior margin of st 
IX with 1 thin, submarginal bristle ......... A. traubi 
Apex of finger rounded; posterior margin with > 1 evenly 
spaced bristles extending from heavy apical bristle, 
about 3/4 down the distal arm of st IX .......... 15 
15 (14). Internal face of the distal arm sinuous; apex of finger with 
a tuff of bristles below the spiniform bristles on the dis-
tal arm of st IX; Oaxaca state . . . . . . . . . . . . A. oaxacae 
Internal face of the distal arm straight; apex of finger with 
a few short bristles below the spiniform bristles on the 
distal arm of st IX; Veracruz state A. perotensis sp. nov. 
DISCUSSION 
Prior to the present study, Stenistomera alpina (Baker) was 
known only from Canada and the United States. This is the first 
record of S. alpina from Mexico and is also a new record for 
the host N. nelsoni. Tipton et al. (1979) mentioned that fleas of 
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the Stenistomera spp. are associated with 4 species of woodrats; 
however, 90% of the specimens collected have come from N. 
lepida, which is primarily a desert-dwelling species. Fleas of 
this genus are found mainly in the host nest, where they are 
protected from extreme fluctuations in temperature and humid-
ity. This is important because their hosts live in a wide array 
of habitats, potentially exposing the fleas to environmental fluc-
tuations that could be detrimental (Barnes, 1977). Finally, E. 
gallinacea (Westwood, 1875), previously known from many 
hosts of several mammalian orders (mostly rodents) and birds 
(Hopkins and Rothschild, 1953), is now known from N. nelsoni. 
Material examined: 1 male (06926-MZFC), 1 female (06927-
MZFC), ex N. nelsoni (LSUMZ 36663). 
ACKNOWLEDGMENTS 
We thank Fernando Cervantes for providing collecting permits. Juan 
Carlos Windfield-Perez and Jorge Falcon-Ordaz helped trap rodents in 
the field. The Museum of Natural Science, Louisiana State University, 
the Museo de Zoologfa of the Facultad de Ciencias, and the Instituto 
de Biologfa of the Universidad Nacional Aut6noma de Mexico provided 
financial support for field work, laboratory space, equipment, supplies, 
and general support required for this work. We thank Juan J. Morrone, 
Mark S. Hafner, and 2 anonymous reviewers for critical comments on 
the manuscript. 
LITERATURE CITED 
ACOSTA, R, AND J. J. MORRONE. 2003. Clave ilustrada para la identifi-
caci6n de los taxones supraespecfficos de Siphonaptera de Mexico. 
Acta Zoo16gica Mexicana, Nueva Serie 89: 39-53. 
ADAMS, N. E., AND R LEWIS. 1995. An annotated catalog of primary 
types of Siphonatera in the National Museum of Natural History, 
Smithsonian Institution. Smithsonian Contribution Zoology 560: 1-
86. 
AYALA-BARAJAS, R, J. c.. MORALES, N. WILSON, J. E. LLORENTE-B., AND 
H. E. PONCE. 1988. Catalogo de las pulgas (Insecta: Siphonaptera) 
en el Museo de Zoologfa, Facultad de Ciencias, Universidad Na-
cional Aut6noma de Mexico. 1: Colecci6n AlfredO"Barrera. Serie 
de Catalogos del Museo de Zoologfa "Alfonso L. Herrera" 1: 1-
102. 
BAILLIE, J. 1996. Neotoma nelsoni. In IUCN 2007.2007 mCN red list 
of threatened species. www.iucnredlist.org. Accessed on 17 June, 
2008. 
BARNES, AM., V. J. TiPTON AND J. A WILDIE. 1977. The subfamily 
Anomiopsyllinae (Hystrichopsyllidae: Siphonaptera). I. A revision 
of the genus Anomiopsyllus Baker. Great Basin Naturalist 37: 138-
206. 
GANNON, W. L., R S. SIKES, AND THE ANIMAL CARE AND USE COMMITTEE 
OF THE AMERICAN SOCIETY OF MAMMALOGISTS. 2007. Guidelines of 
the American Society of Mammalogists for the use of wild animals 
in research. Journal of Mammalogy 88: 809-823. 
GONzALEZ-CHRISTEN, A, S. GAONA, AND G. L6PEZ-ORTEGA. 2002. Re-
gistros adicionales de mamfferos para el Estado de Veracruz, Mex-
ico. Vertebrata Mexicana 11: 9-16. 
GONzALEZ-RUIZ, N., J. RAMiREz-PuLIDO, AND H. H. GENOWAYS. 2006. 
Geographic distribution, taxonomy, and conservation status of Nel-
sons woodrat (Neotoma nelsoni) in Mexico. Southwestern Natural-
ist 51: 112-116. 
HALL, E. R 1981. The mammals of North America, Vol. 2. John Wiley 
and Sons, Hoboken, New Jersey, 2 Vol., 1083 p. 
---, AND W. W. DALQUEST. 1963. The mammals of Veracruz. Uni-
versity of Kansas Publications, Museum of Natural History 14: 
165-362. 
HOPKINS, G. H., AND M. ROTHSCIDLD. 1953. An illustrated catalogue of 
the Rothschild collection of fleas (Siphonaptera) in the British Mu-
seum of Natural History. I. Tungidae and Pulicidae. British Mu-
seum of Natural History, London, U.K., 361 p. 
---, AND M. ROTHSCIDLD. 1956. An illustrated catalogue of the 
Rothschild collection of fleas (Siphonaptera) in the British Museum 
of Natural History. II. Coptopsyllidae, Vermipsyllidae, Stephano-
circidae, Ischnopsyllidae, Hypsophthalmidae and Xiphiopsyllidae 
[Macropsyllidae]. British Museum of Natural History, London, 
U.K., 445 p. 
LUISELLI-FERNANDEZ, C. 2002. Norma Oficial Mexicana NOM-059-SE-
MARNAT-200l Protecci6n Ambiental-Especies Nativas de Mex-
ico de Flora y Fauna Silvestres--Categorfas de Riesgo y especifi-
caciones para su Inclusi6n, Exclusi6n 0 Cambio-Lista de Especies 
en Riesgo. Diario Oficial de la Federaci6n, miercoles 6 de marzo 
de 2002. 
MEDVEDEV, S. G. 2000. Fauna and host-parasite associations of fleas 
(Siphonaptera) in different zoogeographical regions of the World: 
I. Entomological Review 80: 409-435. 
MENDEZ, E. 1955. A revision of the genus Megarthroglossus Jordan and 
Rothschild, 1915 (Siphonaptera: Hystrichopsyllidae). University of 
California Publications in Entomology 11: 159-192. 
MORALES J. C., AND J. E. LLORENTE. 1986. Estado actual del conoci-
miento de los Siphonaptera de Mexico. Anales del Instituto de 
Biologfa, UNAM (Ser. Zoo.) 2: 497-554. 
MUSSER, G. G., AND M. D. CARLETON. 2005. Superfamily Muroidea. In 
Mammal species of the world, 3rd ed., D. E. Wilson and D. E. 
Reeder (eds.). John Hopkins University Press, Baltimore, Mary-
land, p. 894-1531. 
SALCEDA-SANCHEZ, B., AND M. W. HASTRITER. 2006. A list of the fleas 
(Siphonaptera) of Mexico with new hosts and distribution records. 
Zootaxa 1296: 29-43 
SMIT, E G. A M. 1957. Handbook for the identification of British in-
sects (Siphonaptera), Vol. 1, Part 16. Royal Entomological Society 
of London, London, U.K., 94 p. 
TiPTON, V. J., H. E. STARK, AND J. A. WILDIE. 1979. Anomiopsyllinae 
(Siphonaptera: Hystrichopsyllidae), II. The genera Callistopsylius, 
Conorhinopsylla, Megarthroglossus, and Stenistomera. Great Basin 
Naturalist 39: 351-481. 
l. Parasitol .. 95(3), 2009, pp. 536--542 
© American Society of Parasitologists 2009 
EPIZOOTIOLOGY OF BABESIA BOVIS AND BABESIA BIGEMINA IN FREE-RANGING 
WHITE-TAILED DEER IN NORTHEASTERN MEXICO 
Antonio Cantu-C., J. Alfonso Ortega-S.*, Zeferino Garcfa-Vazquezt, Juan Mosquedat, Scott E. Henket, and 
John E. George::j: 
INIFAP-CIRNE-Campo Experimental Aldama, Tamaulipas, Km. 18.5 Carretera Est. Manuel-Aldama, Aldama, Tamaulipas, C.P. 89679. Mexico. 
e-mail: poncho.ortega@tamuk.edu 
ABSTRACT: Species of Rhipicephalus (Boophilus) ticks are the vectors of babesiosis (cattle fever tick), which are distributed 
worldwide. White-tailed deer (Odocoileus virginianus) are important secondary hosts for the cattle fever ticks, Rhipicephalus 
(B.) annulatus and Rhipicephalus (B.) microplus. White-tailed deer are capable of sustaining Boophilus spp. tick populations in 
the presence or absence of cattle. The objectives of this study were to determine the frequency of Babesia bovis and Babesia 
bigemina and the prevalence of antibodies to them and identify possible risk factors for bovine babesiosis in white-tailed deer 
in 3 northeastern states of Mexico. Whole blood and serum samples (n = 457) were collected from white-tailed deer in the states 
of Coahuila, Nuevo Leon, and Tamaulipas during the spring of 2004. Samples were tested for B. bovis and B. big em ina by nested 
polymerase chain reaction (n-PCR) (the primers for B. bovis identified the gene Rap-l and B. bigemina were specific primers) 
and by an indirect immunofluorescence antibody test (IFAT). A questionnaire was given to each ranch to obtain information 
about management practices. Logistic regression methods were used to test the association between management factors and the 
dependent variable of positive n-PCR or IFAT. Nineteen (4.2%) samples were positive to B. bigemina and 6 (1.7%) were positive 
to B. bovis by n-PCR. Serological testing showed 59.9% (n = 274) of deer sampled were positive to B. bovis and 5.4% (n = 
25) were positive to B. bigemina antibodies. The logistic model varied with different dependent variables. With positive n-PCR 
and B. bigemina as the dependent variable, 3 factors were associated: habitat (presence of brush and exotic grasses; odds ratio 
(OR), 3.3; 95% confidence interval (CI), 1.3-8.5), grazing system (continuous grazing OR 4.0; CI, 1.3-12.2), and tick treatment 
frequency (3-4 mo; OR 7.0, CI 1.4-34.3; 5-6 mo; OR, 11.0; cr, 1.9-62.7; >6 mo; OR, 4.6; CI, 0.9-23.3). These findings 
suggest that white-tailed deer may act as a reservoir for the 2 bovine Babesia spp. and that white-tailed deer may be important 
in the epidemiology of babesiosis. However, evidence is not available to support whether white-tailed deer are, or are not, likely 
to be a host that could complete the transmission cycle of Babesia spp. These results suggest that additional research is needed 
to demonstrate the importance of white-tailed deer as a Babesia spp. infection source for ticks. 
Wildlife managers have underestimated the impact of diseas-
es on populations. The influence of wildlife diseases and par-
asites has a potential to affect the health status of wildlife and 
domestic livestock. Disease patterns and changes in prevalence 
reflect changes in host-organism interaction, which is typically 
driven by environmental factors. For example, cattle and wild-
life interactions increase with human encroachment on remain-
ing wildlife habitat, which influences the risk for disease trans-
mission and outbreaks at various spatial and temporal scales. 
Deer presence and density can influence the new and emerging 
tick-borne diseases because they affect the distribution and 
abundance of the vector of the pathogen (Amerasinghe et aI., 
1992). The spectrum of infectious diseases is changing rapidly 
in conjunction with important management and environmental 
alterations. 
Bovine parasites B. bigemina and B. bovis have been impli-
cated as the most common agents of cattle babesiosis in Mexico 
(Kjemtrup and Conrad, 2000), Since white-tailed deer (0. vir-
ginianus) are sympatric with cattle and can be infected with 
both Boophilus microplus and Boophilus annulatus, the possi-
bility exists that bovine babesiosis could be harbored by white-
tailed deer. Duh et ai. (2005) described cervids as potential 
reservoir hosts of Babesia EU1 and Babesia divergens, and 
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both Babesia spp, were found on roe deer (Capreolus cap reo-
[us) with sequence analysis of l8Sr RNA being 99.7% and 
99.6% identical to human strain EUl and to bovine B. diver-
gens, respectively. Recently, the presence of B. bovis and B. 
bigemina in white-tailed deer from 2 ranches in Nuevo Leon 
and Tamaulipas in northern Mexico was reported for the first 
time (Cantu et aI., 2007); n-PCR and IFAT were used and the 
positive samples were sequenced. The tests resulted in DNA 
that was identical to published sequences of both Babesia spp., 
which suggests that white-tailed deer may be a new reservoir 
for B. bovis and B. bigemina, opening another possibility about 
the epizooyiology of bovine babesiosis in northeastern Mexico. 
The purpose of our study was to: (1) determine the frequency 
of B. bovis and B. bigemina; (2) determine the prevalence of 
antibodies to B. bovis and B. bigemina; and (3) identify possible 
risk factors for bovine babesiosis in white-tailed deer in 3 north-
eastern states of Mexico. 
MATERIALS AND METHODS 
The study was conducted on 11 ranches located in 3 northeastern 
states of Mexico (approximately 26--28°N, 99-1000W). In total, 457 
samples from white-tailed deer were collected in the spring of 2004. 
Deer were captured using a netgun from helicopter in Coahuila, Nuevo 
Leon, and Tamaulipas in Mexico. The work was performed under a 
scientific collecting permit issued by the Mexican Division Animal and 
Wildlife Health. Anticoagulated blood (acid citrate dextrose) was col-
lected from each animal, kept on ice, and transported to the laboratory. 
Deer blood samples were analyzed by n-PCR (Figueroa et aI., 1993). 
Blood was centrifuged at 100 g for 15 min, and plasma and Buffy coat 
were removed. Erythrocytes were stored at -20 C until use. DNA was 
extracted using a commercial DNA extraction kit (MoBio, Carlsbad, 
California). The DNA obtained from each sample was processed using 
a commercial PCR Master Mix (Promega, Madison, Wisconsin). For 
predenaturation, samples were incubated at 94 C for 2 min. Two pairs 
of primers were used for the identification of B. bovis and B. bigemina 
DNA (Figueroa et aI., 1993). The primers for B. bovis indicated that 
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TABLE 1. Frequency and distribution of deer samples by ranch, state and county and positives to n-PCR and IFAT for B. bovis and B. bigemina 
in northeastern Mexico. 
Ranch State Municipality No. samples 
I Coahuila Guerrero 27 
2 Coahuila Guerrero 49 
3 Coahuila Guerrero 68 
4 Coahuila Hidalgo 59 
5 Coahuila Hidalgo 25 
6 Coahuila Hidalgo 20 
7 Nuevo Leon Anahuac 15 
8 Nuevo Leon Anahuac 18 
9 Tamaulipas Nuevo Laredo 37 
10 Tamaulipas Nuevo Laredo 38 
11 Tamaulipa Nuevo Laredo 101 
Total 457 
the gene Rap-l and B. bigemina were specific primers. At the end of 
the first PCR, amp licon-expected sizes were 278 and 350 bp for B. 
bigemina and B. bovis, respectively. In the second protocol (nested), 
the expected sizes were 170 and 291 bp for B. bigemina and B. bovis, 
respectively. For B. bigemina PCR amplification, 35 cycles were per-
formed, consisting of denaturation at 95 C for 1 min, annealing for 60 
sec at 65 C, extension at 73 C for 1 min, and then final extension for 
1 cycle of 72 C for 15 min. For B. bovis PCR amplification, 35 cycles 
were also performed, consisting of denaturation at 95 C for 1 min, 
annealing for 60 sec at 55 C, extension at 73 C for 90 sec, and then 
final extension for 1 cycle at 73 C for 15 min. In both protocols, a 
predenaturation step of 5 min at 95 C was performed. PCR samples 
were analyzed using an agarose gel electrophoresis technique, visual-
izing the amplicons in 1.8% agarose gels stained with ethidium bro-
mide. 
Ticks from deer were collected when they were avai1able and were 
held at 24 C at a relative humidity of 80%; replete females were allowed 
to oviposit. Partially engorged ticks were retained for PCR analysis. 
Sera collected from each deer were tested for evidence of exposure 
to B. bovis and B. bigemina using an IFAT. Briefly, B. bovis- and B. 
bigemina-infected bovine erythrocytes obtained from in vitro culture, 
as previously described by Levy and Ristic (1980) and Vega et al. 
(1985), were smeared and kept at -70 C until use. The IFA slides were 
fixed with acetone and incubated with each of the serum samples at a 
screening dilution of 1: 1 00 for 30 min at 37 C. The reaction was de-
tected with protein G conjugated with Alexa 488 (Molecular Probes, 
Eugene, Oregon) at a 1: 100 dilution, followed by an incubation time of 
30 min at 37 C. As positive controls, bovine sera from cattle experi-
mentally infected with B. bovis or B. bigemina were used at the same 
dilution. Sera from uninfected cattle were used as negative controls. 
A questionnaire was given to each ranch (n = 11) to obtain infor-
mation concerning the management and condition of the ranch (habitat 
type, cattle density, deer density, grazing system, fencing) and main 
animal species managed, such as cattle, deer, or both. 
Data obtained from the questionnaires from each ranch and test re-
sults were analyzed using the STATA software version 9.0 (Lawrence, 
1998) (Stata Corp LP, College Station, Texas). 
Chi-square and logistic regression methods were used to test the 
strength of association between management factors and the dependent 
variable of positive IFAT or n-PCR test to B. bovis and B. bigemina 
and to obtain ORs at 95% CIs. Interactions and confounding variables 
were assessed on the basis of plausible biological relationships. The 
independent variables of interest in this analysis were measured at the 
animal level. Therefore, interpretation of final ORs was conducted at 
the animal level, because the proportion of babesiosis-positive deer was 
the dependent variable. 
Positives, no./(%) 
n-PCR IFAT 
B. bovis B. bigemina B. bovis B. bigemina 
11(3.7) 0/(0) 10/(3.7) 1/(3.7) 
0/(0) 0/(0) 30/(61.2) 7/(14.3) 
0/(0) 0/(0) 56/(82.4) 2/(2.9) 
0/(0) 0/(0) 29/(49.1) 6/(10.1) 
11(4.0) 0/(0) 24/(96.0) 3/(12.0) 
0/(0) 0/(0) 14/(70.0) 4/(20.0) 
4/(26.6) 7/(46.6) 10/(66.6) 0/(0.0) 
0/(0) 2/(11.1) 13/(72.2) 1/(5.5) 
0/(0) 0/(0) 9/(24.3) 11(2.7) 
0/(0) 4/(10.5) 15/(39.5) 0/(0.0) 
2/(1.9) 6/(5.9) 64/(63.4) 0/(0.0) 
8/(1.8) 19/(4.2) 274/(59.9) 25/(5.4) 
RESULTS 
Eight (1.8%) and 19 (4.2%) of the 457 deer blood samples 
were positive for B. bovis and B. bigemina, respectively, as 
determined by n-PCR. B. bovis was identified by n-PCR at 4 
of the 11 ranches tested in the 3 northern states, with at least 
1 sample from each of the states testing positive. B. bigemina 
was identified by n-PCR at 4 ranches, and only the state of 
Coahuila tested negative (Table I). Twenty-five (5.4%) and 274 
(59.9%) of the 457 serum samples were positive for B. bovis 
and B. bigemina, respectively, by IFAT. Seropositive samples 
for B. bovis were present at all 11 ranches, and seropositive 
samples for B. bigemina were present at 8 ranches (Table I). 
The frequency of deer samples positive by n-PCR for B. bov-
is and B. bigemina analyzed by the different management fac-
tors showed that the greatest positive frequency was found in 
deer from ranches with less than 1 deer per lO ha (2.7% and 
5%), when deer were sympatric with cattle (2.2% and 4.6%), 
when cattle populations were larger than 300 head (3.4% and 
4.7%), and when no tick control program existed as a common 
practice (16.3% and 39.5%), respectively (Tables II and III). 
High frequencies of B. bovis and B. bigemina also were ob-
served in deer that cohabit with cattle under a continuous graz-
ing system (3.1 % and 6.6%, respectively) versus when rota-
tional grazing was used (0.4% and 1.7%, respectively) (Tables 
II and III). Higher prevalence was observed for B. bovis and B. 
bigemina (2.9% and 7.9%, respectively) when brush and exotic 
grasses were present, compared with brushland only (0.8% and 
3.2%, respectively) (Tables II and III). 
All management practices· were associated with the seroprev-
alence to the IFAT for B. bovis (Table IV), but only 2 manage-
ment practices were associated with the seroprevalence of B. 
bigemina, tick treatment frequency, and grazing system (Table 
V). 
Of the 8 independent variables examined in the multivariable 
model by logistic regression for deer positive for B. bovis by 
n-PCR, the model showed 1 positive association, with an in-
creased OR, in white-tail deer: continuous grazing system (OR 
7.3; CI, 0.9-59.7) (Table VI). For the model with B. bigemina, 
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TABLE II. Frequency and distribution of white-tailed deer positive to n- TABLE III. Frequency and distribution of white-tailed deer positive to 
PCR for B. bovis by management factors. n-PCR for B. bigemina by management factors. 
Factor No. Positive Percentage 95% CI Factor No. Positive Percentage 95% CI 
Activity Activity 
Cattle/deer 371 8 2.2 1.0-4.4 Cattle/deer 371 17 4.6 2.8-7.4 
Deer 86 0 0 Deer 86 2 2.3 0.4-9.0 
Habitat Habitat 
Brushland 246 2 0.8 0.1-3.2 Brushland 246 8 3.2 1.5-6.5 
Brush and exotic grass 139 4 2.9 0.9-7.7 Brush and exotic grass 139 11 7.9 4.2-14.1 
Brush and native grass 72 2 2.8 0.5-10.6 Brush and native grass 72 0 0.0 
Cattle density Cattle density 
<100 111 ·0.9 0.1-5.6 <100 111 2 1.8 0.3-7.0 
100-299 198 2 1.0 0.03-3.2 100-299 198 10 5.1 2.6-9.4 
300-600 148 5 3.4 1.3-8.1 300-600 148 7 4.7 2.1-9.9 
Tick treatment Tick treatment 
Yes 414 1 0.2 0.001-5.6 Yes 414 2 0.5 0.1-1.9 
No 43 7 16.3 7.3-31.3 No 43 17 39.5 7.3-51.3 
Ixodicide used Ixodicide used 
Pyrethroid 111 2 1.8 0.3-7.0 Pyrethroid 111 2 1.8 0.3-7.0 
Organophosphate 346 6 1.7 1.0-7.9 Organophosphate 346 17 4.9 2.9-7.9 
Tick treatment frequency Tick treatment frequency 
<1 mo 111 1 0.9 0.5-5.6 <1 mo 111 2 1.8 0.3-7.0 
1-2 mo 79 0 0.0 1-2 mo 79 0 0.0 
3-4 mo 101 4 3.9 1.3-10.4 3-4 mo 101 7 6.9 3.1-14.2 
5-6 mo 38 0 0.0 5-6 mo 38 4 10.5 3.4-25.7 
>6mo 128 3 2.3 0.6-7.2 >6 mo 128 6 4.7 1.9-10.4 
Tick program Tick program 
Yes 346 7 2.0 0.9-4.3 Yes 346 6 6.9 2.8-15.0 
No 11 1.8 0.05-5.6 No 111 13 3.9 2.2-6.8 
Tick problem Tick problem 
Yes 138 2 1.4 0.9-4.3 Yes 138 6 1.7 0.1-3.9 
No 319 6 1.9 0.05-5.6 No 319 13 4.1 2.3-7.0 
Grazing system Grazing system 
Continuous 227 7 3.1 1.4-6.5 Continuous 227 15 6.6 3.9-10.9 
Rotation 230 1 0.4 0.02-2.8 Rotation 230 4 1.7 0.6-4.7 
Deer density Deer density 
1/10 ha 221 6 2.7 1.1-5.8 1110 ha 221 11 5.0 2.6-9.0 
1/15-20 ha 236 2 0.8 0.1-3.4 1/15-20 ha 236 8 3.4 1.6-6.8 
3 factors were associated: habitat (presence of brush and exotic samples obtained from Rhipicephalus (B.) microplus (n = 20) 
and tested by n-PCR for B. bovis and B. bigemina were nega-grasses: OR, 3.3; CI, 1.3-8.5), grazing system (continuous graz-
tive. ing: OR, 4.0; CI, 1.3-12.2), and tick treatment frequency (3-4 
mo: OR, 7.0; CI, 1.4-34.3; 5-6 mo: OR, 11.0; CI, 1.9-62.7; DISCUSSION 
>6 mo: OR, 4.6; CI, 0.9-23.3) (Table VI). 
A significant strength of association between positive IFAT The cattle ticks R. (B.) microplus and R. annulatus are vec-
results for B. bovis and management variables occurred on tors of B. bovis and B. bigerilina, both of which are causative 
ranches with continuous grazing, where deer increased the risk agents of bovine babesiosis, a disease known as cattle fever. 
to be positive (OR, 3.2; CI, 2.1-4.7); the deer increased the risk Although both the vector and the disease are currently eradi-
for a positive association in ranches where brushland was abun- cated from the United States, there is always a potential risk 
dant (OR, 1.7; CI, 1.2-2.5) versus ranches with brush and ex- for reintroduction due to the movement of cattle imported from 
otic grass, and ranches with deer density 1/15-20 ha increased Mexico, where the disease is endemic. However, other means 
the risk of positive association (OR, 2.2; CI, 1.5-3.2) (Table to introduce infected ticks, like wildlife, have been poorly stud-
VII). For the model with B. bigemina, only 1 factor, tick treat- ied. The results of the present study have increased the knowl-
ment frequency, was associated with deer samples positive for edge of the epidemiology of B. bovis and B. bigemina in white-
B. bigemina by IFAT (OR, 0.8; CI, 0.1-0.6) (Table VII). DNA tailed deer from northeastern Mexico both by serologic and n-
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TABLE IV. Results of univariate analysis of risk factors positive to IFAT for B. bovis in white-tailed deer. 
Variable Level of variable 
Activity Cattle/deer 
Deer 
Habitat Brushland 
Brush and exotic grass 
Brush and native grass 
Cattle density <300 
301-600 
>600 
Tick treatment No 
Yes 
Tick treatment frequency No 
1-2 mo 
3-4 mo 
5-6 mo 
>6 rna 
Tick problem Yes 
No 
Grazing system Continuous rotation 
Deer density 1110 ha 
1115-20 ha 
PCR tests. Recently, the presence of both Babesia spp. in white-
tailed deer identified by n-PCR and sequence of DNA (B. bovis 
accession number M38218; B. bigemina accession number 
S45366) was reported for the first time, and specific antibodies 
existed at 2 ranches in northeastern Mexico (Cantu et ai., 2007). 
Duh et ai. (2005) reported 2 babesial parasites in roe deer (c. 
capreolus) and red deer (Cervus elaphus). The parasites were 
identified by n-PCR; sequence analysis of the 18SrRNA showed 
a 99.7% identical match of the roe deer Babesia .pUI with the 
human strain EUI. The B. divergens detected in cervids was 
No. Deer Positive deer, No. (%) Chi-square P Value 
371 205 (55.3) 
86 69 (80.2) 0.0001 
246 162 (65.9) 
139 64 (46.0) 0.0001 
72 48 (66.7) 
111 93 (83.8) 
198 108 (54.6) 0.0001 
148 73 (49.3) 
111 93 (83.7) 
346 181 (52.3) 0.0001 
111 93 (83.7) 
79 43 (54.4) 
101 49 (48.5) 0.0001 
38 15 (39.4) 
128 74 (57.8) 
414 237 (57.2) 
43 37 (86.1) 0.0001 
227 167 (73.5) 
230 107 (46.5) 0.0001 
221 111 (50.2) 
236 163 (69.1) 0.0001 
99.6% identical to bovine B. divergens from bovines, which 
suggests that roe deer and red deer may serve as reservoirs for 
B. divergens (Duh et ai., 2005). The possibility of the white-
tailed deer harboring either B. bovis or B. bigemina that is in-
fective for others is a concern, because the organisms may be 
considered pathogenic to bovine hosts. An additional concern 
is that the vectors Rhipicephalus (B.) microplus and (B.) an-
nulatus that are present in ranches with deer and cattle play a 
role in the epizootiology of bovine babesiosis. 
The frequency of B. bigemina infection in white-tailed deer 
TABLE V. Results of univariate analysis of risk factors positive to IFAT for B. bigemina in white-tailed deer. 
Variable Level of variable No. Deer Positive deer, no. (%) Chi-square P Value 
Activity Cattle/deer 371 22 (5.9) 
Deer 86 3 (3.5) 0.37 
Habitat Brushland 246 9 (3.7) 
Brush and exotic grass 139 8 (5.7) 0.05 
Brush and native grass 72 8 (11.1) 
Cattle density <300 111 6 (5.4) 
301-600 198 6 (3.0) 0.06 
>600 148 13 (8.8) 
Tick treatment Yes 346 19 (5.5) 
No 111 6 (5.4) 0.24 
Tick treatment frequency No 111 6 ~5.4) 
1-2 mo 79 10 (12.7) 
3-4 mo 101 8 (7.9) 0.002 
5-6 mo 38 0(0) 
>6 mo 128 1 (0.8) 
Tick problem Yes 414 21 (5.1) 
No 43 4 (9.3) 0.25 
Grazing system Continuous rotation 227 6 (2.6) 
230 19 (8.3) 0.008 
Deer density 1110 ha 221 15 (6.8) 
1115-20 ha 236 10 (4.2) 0.23 
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TABLE VI. Factors associated with positivity to n-PCR to B. bovis and B. bigemina in white-tail deer in multivariable logistic regression model. 
B. bovis 
Risk factor No. OR P Value 
Habitat 
Brushland 246 
Brush and exotic grass 139 2.3 0.2 
Deer density 
l/15-20 ha 221 1 
1/10 ha 236 3.3 0.1 
Cattle, n 
1-300 III 1 
301-600 198 l.l 0.9 
>600 148 3.8 0.2 
Grazing system 
Rotational 230 
Continuous 227 7.3 0.06 
Tick treatment frequency 
None-2 mo 190 
3-4 mo 101 7.7 0.06 
5-6 mo 38 
>6mo 128 4.5 0.2 
shown by DNA amplification methods was significantly higher 
than the frequency of B. bovis, but we do not know whether 
these PCR-positive animals were in the early phase or in the 
carrier stage of infection. The detection of Babesia sp. infection 
in animals in the early phases of infection and in carrier animals 
by DNA amplification is a powerful tool for epizootiological 
research, because these animals represent an important source 
of alimentary infection of R. (B.) microplus femal~s (Friedhoff 
B. bigemina 
95% CI OR P Value 95% CI 
1 
0.6-9.4 3.3 0.01 l.3-8.5 
0.6-16.3 l.5 0.3 0.6-3.7 
0.1-12.5 2.8 0.1 0.6-13.4 
0.4-33.5 2.7 0.2 0.5-13.3 
1 
0.9-59.7 4.0 0.01 l.3-12.2 
0.8-70.6 7 0.02 l.4-34.3 
II 0.007 l.9-62.7 
0.4-44.1 4.6 0.06 0.9-23.3 
and Smith, 1981). From the ranches surveyed in this study, 5 
animals with R. (B.) microplus ticks were found that could be 
a possible source of Babesia spp. infection in deer, although all 
ticks tested were negative on n-PCR testing. 
There is only 1 report in which B. bovis was cultured in 
bovine erythrocytes and passed on to white-tailed deer (0. vir-
ginianus) erythrocytes and medium containing either white-
tailed deer serum or bovine serum. Deer erythrocytes supported 
TABLE VII. Summary of multivariable logistic regression model of positive to IFAT for B. bovis and B. bigemina in white-tailed deer. 
B. bovis B. bigemina 
Risk factor No. OR P Value 95% CI OR P Value 95% CI 
Habitat 
Brush and exotic grass 139 
Brushland 246 l.7 0.006 l.2-2.5 0.6 0.3 0.2-l.6 
Deer density 
l/1O ha 221 1 
1/15-20 ha 236 2.2 0.0001 l.5-3.2 0.6 0.2 0.2-l.3 
Cattle, n 
1-300 III 1 
301-600 198 0.2 0.001 0.1-0.4 0.5 0.3 0.2-l.7 
>600 148 0.2 0.001 0.1-0.3 l.6 0.3 0.6-4.5 
Grazing system 
Rotational 230 1 
Continuous 227 3.2 0.0001 2.1-4.7 0.30 0.02 0.ll-O.80 
Tick treatment frequency 
None-2 mo 190 1 1 
3-4 mo 101 0.3 0.001 0.2-0.6 0.9 0.8 0.3-2.3 
5-6 mo 38 0.2 0.001 0.1-0.5 
>6mo 128 0.5 0.01 0.3-0.8 0.8 0.01 0.1-0.6 
the growth of the parasite only in the presence of bovine serum. 
Cryopreserved cultures were recovered successfully in white-
tailed deer erythrocytes (Holman et aI., 1993). Recently, a sero-
survey was done in free-ranging, hunter-killed grey brocket 
deer (Mazama gouazoubira) in the Gran Chaco, Bolivia, but no 
antibodies to B. bigemina and B. bovis were detected (Deem et 
al., 2004). We could speculate that the higher prevalence of B. 
bigemina found in this study could be due to the quantitative 
aspects of Babesia spp. transmission, it has been reported that 
R. (B.) microplus females are more frequently infected with B. 
bigemina than with B. bovis (Mahoney and Mirre, 1977; Davey, 
1981). However, these observations were made in experiments 
in which the ticks were fed on animals aged 4-8 mo that were 
experimentally infected with 1 of these 2 Babesia spp. There-
fore, the present results agree with these observations, but the 
experiments were conducted in cattle; thus, there is no evidence 
that the same pattern occurs in wild ruminants. Many questions 
remain regarding B. bovis and B. bigemina infection in white-
tailed deer: Does the whole cycle of both bovine Babesia spp. 
occur in deer? If so, are Rhiphicephalus (B) tick species able 
to be infected when fed on deer, and are those infected ticks 
from deer able to transmit both Babesia spp. to cattle? These 
questions need to be answered to allow understanding of the 
epizootiology of bovine babesiosis in deer. It is interesting that 
concomitant infection with the 2 Babesia spp. prevailed in cat-
tle and also in the deer, in contrast to what has been observed 
for R. (B) microplus females and eggs in which simple babesial 
infection prevails (Oliveira-Sequeira et al., 2005). In the study, 
DNA amplification techniques verified the infection associated 
with the 2 Babesia spp. in white-tailed deer, but the transmis-
sibility of the ticks R. (B.) microplus and R. annulatus found 
at the ranches should be investigated to determine their role in 
the epizootiology of bovine babesiosis in deer. The possibility 
of the white-tailed deer harboring either B. bovis or B. bigemina 
infective for others is a concern, since the organisms may be 
considered to be pathogenic to bovine hosts. It is also a concern 
that the vectors R. (B.) microplus and R. annulatus present on 
ranches with deer and cattle playa role in the epizootiology of 
bovine babesiosis. This raises the possibility of exposing naIve 
susceptible animals to an endemic environment or, alternatively, 
introducing B. bovis and B. bigemina to wildlife. The potential 
impact of reservoir infection is important to the growing in-
dustry of deer and to other handlers of exotic or native wildlife 
and underscores the risk involved in the introduction of outside 
animals to a herd. 
The seroprevalence of both Babesia spp. shown here could 
be explained by the high exposure and transmission rate of 
infected R. (B.) microplus ticks in the deer, as well as by the 
fact that antibodies last longer in the blood, even after the par-
asites have been eliminated, which explains the higher number 
of samples positive to IFA than to n-PCR. However, we could 
not explain why B. bovis seropositive animals were higher than 
B. bigemina. These results differ from those reported by several 
authors who investigated the quantitative aspects of Babesia 
spp. transmission in cattle and reported that R. (B.) microplus 
females are more frequently infected with B. bigemina than 
with B. bovis (Mahoney and Mirre, 1977; Davey, 1981). The 
high seroprevalence found for both Babesia spp. indicates that 
white-tailed deer were highly exposed to infected Rhipicephalus 
spp. ticks. However, it is unknown whether white-tailed deer 
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can complete the transmission cycle (cattle-deer-cattle) and 
how Babesia spp. affect the white-tailed deer population. One 
infected tick is sufficient to transmit the infection, but only a 
very small number of ticks actually carry the disease, because 
prevalence in Rhipicephalus (B.) is very low. For example, in 
the case of B. bovis, as few as 1 in 5,000 ticks may be infected, 
compared with 1 in 500 infected with B. bigemina. As a result, 
B. bigemina organisms are usually more prevalent in infected 
herds (Mahoney and Mirre, 1977). The habitat may play an 
important role in the maintenance of larvae in the pasture, pro-
viding cover and appropriate temperature for survival over lon-
ger periods, allowing deer to be exposed to R. (B.) microplus 
larvae infestation. A continuous grazing system in this type of 
habitat increased the possibility of larvae infestation of deer and 
the possibility of Babesia spp. transmission. Barre et aI. (2001) 
reported that rusa deer (Cervus timorensis) are capable of pro-
ducing engorged viable females, with weight and reproductive 
performance similar to, or even better than, that of females fed 
on steers, but the investigators indicated that the success of 
engorgement was considerably lower than on cattle. We ob-
served only semi-engorged female ticks on deer when the deer 
were in a mixed group (cattle and deer) in infested pastures; 
the infestation was moderated and generated, albeit at a low 
rate, engorged females, indicating a sustainable cycle. Thus, the 
deer play the role of an epizootiological "cuI de sac" able to 
trap ticks, but unsuitable as a host to support ticks to fully reach 
the engorged stage. Deer appear to deplete the source of con-
tamination for coexisting susceptible steers. The lack of reliable 
tests for accurate diagnosis of infectious diseases, including 
babesiosis, in exotic ungulates is a major problem facing the 
deer industry. The undetected presence of hemoparasites and 
their vectors may threaten not only the deer and exotic wildlife 
industry, but domestic livestock as well. The information 
gained in this study can be applied for future research into 
suitable methods of diagnoses. Additional research to further 
clarify the role of wildlife in the spread and transmission of 
diseases needs to be conducted to protect both wildlife and 
domestic livestock. 
In summary, the frequency of B. bigemina infection in white-
tailed deer as shown by DNA amplification methods was sig-
nificantly higher than tlle frequency of B. bovis. Seropositive 
deer samples identified with IFAT were found in the 11 ranches 
sampled, and the prevalence of B. bovis was higher than that 
of B. bigemina. Specific factors associated with increased OR 
for bovine babesiosis in white-tailed deer included habitat with 
brushland and exotic grasses, a continuous grazing system, and 
lower tick treatment frequency. While the factors found in this 
study show statistical association with samples positive for B. 
bovis and B. bigemina, the association does not necessarily im-
ply a direct causal link. The results indicate that white-tailed 
deer are exposed to B. bovis and B. bigemina and that they may 
playa role in transmission of or spreading to bovine babesiosis; 
however, it is not possible to know whether white-tailed deer 
are competent to complete the transmission cycle of Babesia 
spp. Factors identified in this study may be considered to reduce 
the risk of infection and show the role that white-tailed deer 
may play in epizootiology of the bovine babesiosis, which 
needs to be considered when implementing Rhiphicephalus spp. 
tick control programs. Additional research is needed to deter-
mine whether white-tailed deer are capable of a complete cycle 
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of transmission of Babesia spp. and whether the white-tailed 
deer is affected by the bovine babesiosis. 
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LARVAL MORPHOLOGY AND ANATOMY OF THE PARASITOID EXORISTA LARVARUM 
(DIPTERA: TACHINIDAE), WITH AN EMPHASIS ON CEPHALOPHARYNGEAL SKELETON 
AND DIGESTIVE TRACT 
Veronika Michalkova, Andrea Valigurova, Maria Luisa Dindo*, and Jaromfr Vanhara 
Department of Botany and Zoology, Faculty of Science, Masaryk University, Kotla.rska 2, 611 37 Bmo, Czech Republic. 
e-mail: vmichalkova@yahoo.com 
ABSTRACT: The endogenous development of the tachinid gregarious larval parasitoid Exorista larvarum L. (Diptera: Tachinidae) 
has been analyzed in the last larval instar of a factitious host, the wax moth Galleria mellonella L. (Lepidoptera: Pyralidae), 
with the use of histological techniques and scanning electron microscopy. This study has focused on the parasitoid internal body 
structures and their changes during the larval development. The first and second instars are enveloped by a host-derived hemocyte 
capsule attached to the respiratory funnel via a prominent anal hook located between 2 anal lobes. The third instar abandons the 
respiratory funnel and migrates free in the body cavity of the already dead host. Emphasis is given to the prominent cephalo-
pharyngeal skeleton, highlighting the morphological aspects of its sclerotized as well as non-sclerotized components. In addition 
to the cephalopharyngeal skeleton, the anterior third of the larval parasitoid body is occupied by large salivary glands, massive 
proventriculus, and cerebral ganglia. The extensive digestive tract, which occupies the major part of the body, is differentiated 
into well-marked individual parts. The abdomen is predominantly filled with the extremely long mesenteron that increases in 
size during the larval development. The whole body is covered by an apparently thin integument, with strong spines that are 
especially numerous in the anterior and posterior body parts. 
Tachinidae represent a very diverse and ecologically impor-
tant family of dipterous parasitoids, which are important natural 
enemies of insect pests in most terrestrial ecosystems (Stireman 
et aI., 2006), and thus are useful in biological control (Grenier, 
1988). Exorista larvarum L. is a polyphagous gregarious larval 
endoparasitoid of lepidopterans and some hymenopterans of the 
Tenthredinidae (Hafez, 1953a). Its infection strategy includes 
direct oviposition of nonincubated macrotype eggs on the host 
body (Mellini, 1990). Females deposit the eggs on the host 
body surface and the larvae hatch 3 days after oviposition under 
laboratory conditions''llt 26 C (Dindo et aI., 1999). Among most 
Tachinidae, the larvae exhibit a remarkable way of assuring 
their respiration in which they form a respiratory funnel by 
attaching their posterior body end, bearing a pair of spiracles, 
either to the host integument or to the victim's tracheal system; 
a host hemocyte capsule developing around the parasitoid larva 
contributes to the funnel formation (Mellini, 1990). The larvae 
of E. larvarum induce the formation of the integumental funnel 
while penetrating into the host body (primary respiratory funnel 
sensu Mellini, 1990) and thus from the outset of their endog-
enous development they remain in direct contact with atmo-
spheric oxygen. The larval development, comprised of 3 en-
dophagous instars, lasts 3-5 days at 26 C; pupation generally 
occurs outside the host. Complete parasitoid development, from 
egg to adult, lasts about 15 days (Din do et aI., 1999). During 
the first 2 stages, all tachinid larvae, including those of E. lar-
varum, feed mostly on host hemolymph and the fat body. The 
third instars, however, are sarcophagous and rapidly destroy the 
victim's viscera (Mellini, 1990). 
The survival strategies of tachinid larvae and their develop-
ment in insect hosts have been described in detail in several 
works (e,g., Herting, 1960; Mellini, 1990; Belshaw, 1994; Ichiki 
and Shima, 2003). However, as for histological observations on 
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the larval parasitoids, an overwhelming majority of studies deal 
with parasitic hymenopterans, whereas there is a striking paucity 
of knowledge regarding dipterous parasitoids. Only a few his-
tological studies dealing with tachinids have been published and 
they are concerned either with the morphology of their digestive 
tract (Gardenghi and Mellini, 1990; Gardenghi et aI., 1991; Gar-
denghi and Mellini, 1995) or reproductive system (Gardenghi 
and Mellini, 1980, 1992; Mellini, Campadelli, and Coulibaly, 
1993). The structure of the hemocyte capsule and respiratory 
funnel in different tachinid species has been previously described 
(Mellini and Cucchi, 1965; Baronio et aI., 1974). The present 
study offers a complete histological analysis and detailed pho-
tomicrograph documentation of the larval development of E. lar-
varum in its factitious host, Galleria mellonella L. (Lepidoptera: 
Pyralidae). Contrary to previous investigations, the present effort 
describes the morphology of inner organs in all larval instars 
using advanced histological techniques, The results presented 
herein focus mainly on the morphology of the digestive tract and 
cephalopharyngeal skeleton, which, although described previ-
ously (Ziegler, 1998), has not yet been investigated from a his-
tological point of view. These features are the most dominant in 
the larval development, exhibit extensive changes during the de-
velopment and their structure and function seem to be highly 
adapted for a parasitic way of life. 
MATERIALS AND METHODS 
Rearings and experimental parasitization 
Laboratory colonies of E. larvarum were maintained at 26 C, 60% 
relative humidity, and 16:8 hr (L:D) photoperiod, as described previ-
ously (Dindo et aI., 1999). The colonies were established from puparia 
obtained from the Laboratory of Entomology, University of Bologna, 
DiSTA, Italy in 2006. Adult flies were kept in Perspex cages (35 X 25 
X 30 cm) with an air inlet and fed with lump sugar and cotton balls 
soaked in 20% aqueous honey solution. For experimental infection, last 
instars of G. mellonella were exposed to fertile female tachinid flies 
held in the cage and generally removed after 3-4 parasitoid eggs had 
been laid on their body surface. Three days later, the wax moth larvae 
were examined with the use of a stereo binocular microscope to confirm 
the successful penetration of the newly hatched tachinid larvae. Para-
sitized hosts were collected and kept in plastic boxes until dissection, 
which was carried out on a daily basis following parasitoid egg hatch-
ing. Body parts with developing larvae were dissected and fixed for 
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subsequent tissue processing. In vivo observations of all 3 larval instars 
of the parasitoid were documented by photomicrographs taken using an 
Olympus SZX12 binocular stereomicroscope. 
Histological procedure 
Specimens were fixed in AFA (alcohol~formalin~acetic acid) fixative 
and processed using standard histological methods. The material was em-
bedded in Histoplast II and sectioned; 7-J.Lm-thick sections were stained 
with hematoxylin-eosin, Masson's trichrome (blue or green) or with Lil-
lie's ferric~ferricyanide melanin staining method (Humason, 1967). As 
the early developmental stages of E. larvarum within the host are difficult 
to cut, the frozen section procedure (cryosectioning) and rapid micro-
scopic analysis were used to obtain sections of better quality. For this 
method, the material was fixed in fixatives containing paraformaldehyde 
(Karnovsky's fixative or Baker's calcium formol). Frozen sections were 
stained with azan or hematoxylin-eosin. Histological sections were in-
vestigated with the use of an Olympus BX51 light microscope. 
Scanning electron microscopy 
The specimens were fixed overnight in freshly prepared 3% glutar-
aldehyde in cacodylate buffer at 4 C, washed 3 times (5 min each) in 
cacodylate buffer, post-fixed in I % osmium tetroxide in cacodylate buff-
er for 2 hr at room temperature, and finally washed 3 times (5 min 
each) in the same buffer. After dehydration in a graded series of acetone, 
the specimens were critical point-dried with CO2, coated with gold, and 
examined with the use of a JEOL JSM-7401F field emission scanning 
electron microscope (FE SEM) or Vega\\xMH Tescan scanning electron 
microscope (SEM). 
Terminology of larval structures used in the present study follows 
that of Chapman (1998) and Teskey (1981). 
RESULTS 
The female flies laid macrotype eggs on any part of the host 
body, including the head and thoracic legs; however, most eggs 
were laid dorsally or latero-dorsally on the abdomen, often on 
the membranous areas interconnecting the sclerites. The eggs 
usually hatched 3~4 days after oviposition and the newly hatched 
larvae actively penetrated the host integument w.ith the use of 
strong, well-developed cephalopharyngeal skeleton and muscu-
lature. Larvae pulled the host tissue in while penetrating the host 
integument in order to build the primary respiratory funnel. Par-
asitized hosts showed no obvious damage or abnormalities in this 
phase; only a dark brown, to black, spot visible on the surface 
of their integument indicated the area of tachinid larva penetra-
tion. Infection with multiple tachinid larvae of various body sizes 
and stages of development, usually 2-4 per host, was often ob-
served. The first instars, characterized by a single mouth hook 
(Figs. 1, 2, 5, 6, 12), were easy to recognize. In contrast, the 2 
later instars, possessing 2 mouth hooks (Figs. 3, 4, 7, 14), were 
often difficult to distinguish from each other, especially during 
the late second and early third instars. Thus, the longitudinal 
histological sections showing a majority of their internal organs, 
especially the extremely long digestive tract with associated or-
gans, became very helpful for this purpose. 
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First instars 
Histological sections confirmed that the first ins tars do not 
migrate within the host body cavity, but hang in the primary 
respiratory funnel (Fig. 20) attached to its wall by means of 
spines covering the last abdominal segment (Fig. 44). No anal 
hook was observed in histological sections or specimens pre-
pared for scanning electron microscopy. Histology, as well as 
examinations using stereomicroscopy during the dissection of 
parasitized caterpillars, constantly confirmed that the first instar 
of E. larvarum remained at the point of entry with their pos-
terior body part, bearing 2 spiracles, enclosed in the respiratory 
funnel and thus with direct contact with atmospheric oxygen. 
The invading parasitoid induced formation of a hemocyte cap-
sule as a result of the host cellular defense (Fig. 20). The pseu-
docephalic segment bore a pair of short conical antennae and 
maxillary sensory papillae (Fig. 5). The prominent cephalo-
pharyngeal skeleton, protecting the anterior part of digestive 
tract, terminated with a single, curved median mouth hook and 
possessed the short sharp, already melanized, cornua (Fig. 12). 
The mouth hook with an apparently sawtooth dorsal edge stuck 
out of the large mouth opening (Figs. 5, 6). The digestive tract, 
together with salivary glands and Malpighian tubules (Fig. 37), 
were already well-developed, but not as prominent as in later 
instars, whereas the distinct cerebral ganglia already occupied 
the major part of the anterior third of parasitoid body (Fig. 20). 
In our preparations, only the posterior pair of spiracles were 
visible (Fig. 39). 
Second instars 
At this stage, the observed larvae were attached to the re-
spiratory funnel (Figs. 3, 19, 21-24) via an anal hook located 
between 2 anal lobes (Fig. 10) and by sturdy spines of the 
posterior segment (Fig. 11). Their integument was covered by 
sharp narrow spines that were especially numerous in the an-
terior body region (Fig. 7). The larvae had molted into second 
instars, as shown by their morphology described below. The 
respiratory system was of the amphipneustic type and consisted 
of 2 main longitudinal lateral trunks, the same as in third instars 
(Fig. 15), and connected with transverse commissures (Fig. 42). 
The inconspicuous anterior spiracles were located latero-dor-
sally on the first thoracic segment (Figs. 30, 41). Each spiracle 
was equipped with 4 papillae, each with a circular opening (not 
shown). The posterior spiracles (Figs. 19,21) were located dor-
sally on the last abdominal segment and each possessed a cir-
cular peritreme and 2 elongated spiracular slits strengthened by 
the dentate chitinous processes (Fig. 40). The dark pigmented 
cephalopharyngeal skeleton possessed 2 sickle-shaped mouth 
hooks, which were formed by mandibular sclerites and extend-
FIGURES l2~18. Cephalopharyngeal skeleton of Exorista larvarum larvae in histological sections stained for melanin (dark green) and in vivo 
observations. (12) Cephalopharyngeal skeleton of the first instar with 2 cornua (arrows) and a single mouth hook (arrowhead) stuck in the capsule 
(ca), cuticular spines (circled). Scale bar = 20 J.Lm. (13) Cephalopharyngeal skeleton of the second instar with 2 mouth hooks (arrowheads) and 
2 tentopharyngeal sclerites (arrows). Scale bar = 20 J.Lm. (14) Replacement of the mouth hooks of the second instar (arrowheads) by newer pair 
(arrows) before molting to the third instar. Scale bar = 250 J.Lm. (15) Dissection of the third instar showing the longitudinal tracheal trunks (t), 
proventriculus (p), mesenteron (me), Malpighian tubules (mt), and salivary glands (s). Scale bar = I mm. (16) Digestive tract of the third instar: 
proventriculus (p), mesenteron (me), Malpighian tubules (mt), ileum (iI), rectum (r), anus (a). Scale bar = 1 mm. (17) In toto observation of 
cerebral ganglia (asterisk), esophagus (e), proventriculus (p), and beginning of mesenteron (me); third instar. Scale bar = 500 J.Lm. (18) Detail of 
the rectum (r) with anus (a) and Malpighian tubules (mt) in third instar. Scale bar = I mm. 
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ed from the oral cavity during locomotion and feeding (Figs. 
3, 4, 7, 8). The bases of the mandibular sclerites articulated 
with the hypopharyngeal sclerite (Fig. 25, 33). Its posterior 
margins were in contact with the fused portion of the 2 large 
tentopharyngeal sclerites, which were the most conspicuous 
part of the cephalopharyngeal skeleton (Fig. 13). The tento-
pharyngeal sclerite was composed of a pair of sclerites with 2 
arms, dorsal and ventral cornua on either side of pharynx (Figs. 
25, 26, 28-30). Both ventral cornua were joined, supporting the 
pharynx, and the dorsal cornua were bridged anteriorly. At this 
stage, the cornua were already intensively melanized (Fig. 13) 
and continued into non-sclerotized connective tissue serving as 
the attachment point for musculature (Fig. 30). Both mouth 
hooks (Fig. 27) and body spines were hollow inside (Fig. 31). 
As the tachinid larvae exhibited a massive extraintestinal di-
gestion, enabled by prominent salivary glands extending into 
the middle of the body cavity (Fig. 35), the extremely thin 
esophagus, together with the prominent muscular proventricu-
lus, served as a pump. The stomodeum was lined by slightly 
flattened epithelial cells and differentiated into the pharynx, 
esophagus, and proventriculus (Figs. 30-36). The pharynx, to-
gether with pharyngeal dilator muscles, was enclosed by pha-
ryngeal sclerites of the cephalopharyngeal skeleton, to which a 
well-developed musculature was deeply anchored (Figs. 25-
31). The conspicuous mesenteron outgrew the body size, re-
versed, and occupied most of the body cavity (Figs. 21-24). 
The mesenteron was lined by a monolayer of columnar cells 
bearing a brush border on their luminal surface; an acellular 
peritrophic envelope formed a delicate lining layer separating 
the luminal contents from the brush border of the mesenteric 
epithelium (Fig. 38). Occasionally, host cells still not disinte-
grated by digestion could be seen in the mesenteric part of the 
digestive tract (Figs. 36-38). The proctodeum was differenti-
ated into an ileum with apparently flattened cells and rectum 
(Fig. 36). The Malpighian tubules arose from the ileum just 
behind the mesenteron (Fig. 23). The adipocytes possessing a 
distinct plasma membrane increased in number (Fig. 42). A 
well-developed musculature supported the cephalopharyngeal 
skeleton and connected the body segments to provide appro-
priate movement in the host tissue. Although the larvae were 
equipped with strong tendons and apparently compact muscu-
lature (Fig. 43), the integument was very thin and a more ex-
tensive epidermal sheet covered only the areas nearby spiracles 
and mouth hooks (Figs. 33, 40, 41). We did not observe a ven-
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tral nerve cord; only the extensive cerebral ganglia could be 
seen in our observations (Figs. 17, 22-24, 35, 36). 
At this stage of infection, the hosts ceased their movement. 
There was apparent reduction and disintegration of host tissue, 
especially the fat body, surrounding the encapsulated and rap-
idly developing parasitoid. This disintegration was clearly evi-
dent, especially near the anterior part of the parasitoid; mouth 
hooks were embedded in the hemocyte capsule. In addition, the 
internal host organs were obviously compressed by the parasit-
oid's increase in size and occupation of ever-greater space in 
the host's body. 
Third instars 
In second instars, we occasionally observed the replacement 
of the mouth hooks by a newer pair just before molting, with 
the new ones forming just about the old pair (Fig. 14). After 
molting to third-stage larvae, the chubby tachinid larvae (Fig. 
9) abandoned the respiratory funnel and migrated freely within 
the body cavity of the now-dead host. The host tissues were 
completely destroyed; the internal organs were fully disinte-
grated and exhibited a liquid appearance. As the internal or-
ganization of the second and third ins tars was very similar, only 
the photomicrographs documenting the internal morphology of 
the second instars are shown here. The digestive tract of the 
tachinid larvae became even more extensive, with several loops 
and an extremely massive cephalopharyngeal skeleton (Figs. 
15, 16). Similar to the second instars, the 3 main regions of 
digestive tract were clearly distinguishable, i.e., stomodeum, 
mesenteron, and proctodeum (Figs. 15-18). The Malpighian tu-
bules enlarged during later development. The adipose tissue ex-
hibited a high cellular density. The respiratory system was high-
ly developed, with numerous transverse comrnissures. Cerebral 
ganglia were extensive as in previous instars, but still without 
a definitive ventral nerve cord. At the end of larval develop-
ment, all the internal contents of the host were consumed and 
the third-stage tachinid larvae abandoned the host carcass to 
pupate outside the host remains. 
DISCUSSION 
As the insects are generally equipped with numerous hard-
ened chitinous structures, histological processing of insect tis-
sue is usually very problematic. Possibly also for this reason, 
only a few detailed histological analyses can be found in the 
FIGURES 19-24. Histological sections of larvae of tachinid Exorista larvarum encapsulated within the host Galleria mellonella. (19) Cross 
section of the host body with 2 tachinid larvae in second larval instar (Is, longitudinal section and os, oblique section); hemocyte capsule (ca), 
tachinid cerebral ganglia (asterisk), host air sac (has), host mesenteron (hme), host silk gland (hsg), hosCtracheal system (hts), respiratory funnel 
(rf), tachinid spiracle (arrow). Scale bar = 1 mm. (20) Longitudinal section of the first-stage tachinid larva showing the prominent cerebral ganglia 
(asterisk), salivary glands (s) in the anterior part of the body, and tracheal system (arrows) visible especially in the posterior part. Note the 
respiratory funnel (rt) that continues into the capsule (ca) enveloping the parasitoid. Scale bar = 100 fLm. (21) Longitudinal section of the second 
instar surrounded by hemocyte capsule (ca); salivary glands (s), esophagus (e), folded mesenteron (me), Malpighian tubules (mt), spiracles (sp) 
leading into the respiratory funnel (rf), and thin integument of tachinid larva (arrowheads). Scale bar = 200 11m. (22) Oblique (os) and longitudinal 
section (Is) of 2 second instars; hemocyte capsule (ca) with respiratory funnel (rf), cerebral ganglia (asterisks), salivary gland (s), esophagus (e), 
mesenteron (me), ileum (il). Scale bar = 250 fLm. (23) Longitudinal section of the second instar showing the capsule (ca), part of the cephalo-
pharyngeal skeleton (arrowhead), cerebral ganglia (asterisk), ileum (il), Malpighian tubules (mt), mesenteron (me), esophagus (e), proventriculus 
(p), and salivary gland (s). Scale bar = 250 fLm. (24) Longitudinal section of the second instar; hemocyte capsule (ca) with respiratory funnel 
(rf), cerebral ganglia (asterisk), proventriculus (p) connected with the extremely narrow esophagus, mesenteron (me), trachea (arrows). Scale bar 
= 250 fLm. 
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literature. Although some of the previous works referred to the 
structure of tachinid cephalopharyngeal skeleton (Ziegler, 1998) 
and illustrated diagrams have been provided for E. larvarum 
(Hafez, 1953b), recent possibilities for histological preparation 
allowed us to document the non-sclerotized cavities of the 
mouth hooks and spines, as well as the cornua continuing into 
the non-sclerotized connective tissue with their attachment of 
musculature. Similar to the other tachinids, the first instar of E. 
larvarum possesses a simple cephalopharyngeal skeleton with 
only a single mouth hook (Hafez, 1953b; Thompson, 1960; 
Pape, 1992). This unpaired median hook is probably a fusion 
of 2 original hooks in the apical end of cephalopharyngeal skel-
eton. Interestingly, we did not find any signs of its rebuilding 
into a more complicated cephalopharyngeal skeleton bearing 2 
mouth hooks in the next 2 larval instars, but we may suppose 
that the new mouth hooks are formed the same way as observed 
in the second instar. As the first instars possessed a flattened 
mouth hook with a sawtooth upper edge, the second and third 
instars were already equipped with conical hooks and a seem-
ingly multilayered surface. Individual layers were interlaced, as 
shown in Figure 8. There is a question, however, of whether 
this hook architecture is related to the development and/or re-
placement of hooks, or if it is only the result of the tissue 
processing for SEM. 
Gardenghi and Mellini (1995) found a great quantity of host 
cells in the mesenteron of E. larvarum larvae and noted that 
their extraintestinal digestion disintegrates host tissues, not 
cells. However, in the parasitoid mesenteron, we seldom noticed 
particulate material, and generally only a few hemocytes. The 
pharynx and proventriculus, which possess well-developed 
musculature, seemingly allow the larvae to engorge rapidly and 
digest the ingested tissues. The proventriculus, structurally the 
most highly specialized part of the digestive tract, serves as a 
pump for pre-digested liquid food; it did not haye any sclero-
tized pads or plates, and was equipped with raised epithelium 
and strong dense musculature. The extraordinarily long mes-
enteron, together with a unique mechanism of tachinid larvae 
to block defecation while feeding, is an ideal adaptation for a 
parasitic way of life (Gardenghi and Mellini, 1990; Gardenghi 
et aI., 1991). The digestive tracts of E. larvarum larvae, how-
ever, lack the retention structures observed in other tachinids 
(Gardenghi and Mellini, 1995). Therefore, they defecate 
throughout their development as observed by rearing them on 
artificial media (Dindo et aI., 1999); this fecal material is de-
posited and encrusted in the luminal side of wall of the primary 
integumental respiratory funnel (Gardenghi and Mellini, 1995). 
Although Hafez (l953b) provided a detailed description of 
the external morphology of E. larvarum larvae, he did not men-
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tion their attachment to the respiratory funnel via the anal hook 
located between 2 anal lobes near the anal opening. Similarly, 
the tachinid Compsilura concinnata (Meigen), laying the eggs 
directly into the host, uses 3 anal hooks surrounding the pos-
terior spiracles, 2 on the dorsal and 1 on the ventral side, to fix 
its posterior abdominal segment to the wall of the host's organs 
(Ichiki and Shima, 2003). These structures are considered to be 
a respiratory adaptation also suitable for holding the parasitoid 
body in a fixed position within the host body. In contrast, the 
larva of E. larvarum is equipped only with a single anal hook, 
but the attachment to the host tissue is supported also by sturdy 
spines covering the posterior segment; thus they contribute to 
the positioning of the parasitoid body. As for the anal hook, the 
area of the anal lobes seemingly lacked the hook in first instars 
when these were observed with a scanning electron microscope. 
It is possible that the anal hook, if present in the first ins tars, 
is more fragile than in later instars and thus the putative lack 
of this structure may also be due to mechanical damage caused 
by processing for scanning electron microscopy. Unfortunately, 
we cannot confirm its presence or absence, as we did not obtain 
complete histological sections showing this area. 
Hafez (1953b) recorded only 2 commissures connecting the 
main tracheal trunks leading to the posterior spiracles; however, 
we could see many of them in the histological sections. It is 
known that first-stage tachinid larvae inducing the formation of 
primary respiratory funnel (including those of E. larvarum) 
possess a respiratory system of the metapneustic type. As ex-
pected in our preparations, only the posterior pair of spiracles 
was visible. 
The integument of the examined tachinid larvae was surpris-
ingly very thin and we could not detect the individual cuticle 
layers by light microscopy. We speculate that the tachinid lar-
vae take advantage of the hemocyte capsule enveloping their 
body within the host tissues to protect themselves from the 
host's internal environment and defense mechanisms, so they 
do not need a protective thick cuticle. Extensive epidermis was 
seen only in the areas surrounding the spiracles and mouth 
hooks. It apparently serves as a mechanical support for these 
openings. In comparison to their host, E. larvarum larvae were 
equipped with more prominent and stronger tendons, and seem-
ingly more compact musculature, facilitating easier movement 
in such confining conditions. In accordance with Mellini, Cam-
padelli, and Dindo (1993), in the absence of suitable hosts or 
if unable to reach them, the females oviposited even on inani-
mate objects or our hands, thus ensuring the death of their off-
spring. The oviposition strategy was the same as observed by 
Hafez (1953c), but it should be noted that females preferred 
oviposition on the surface of soft membranous connections be-
FIGURES 25-31. Histological sections of the second instar of Exorista larvarum showing the cephalopharyngeal skeleton. (25) Cephalophar-
yngeal skeleton's ventral cornua (arrows) articulated via hypopharyngeal sclerites (asterisks) with 2 mouth hooks (arrowheads). Note the prominent 
salivary glands (s) lining both sides of the cephalopharyngeal skeleton and muscles (mu) connected to the integument. Scale bar = 50 fLm. (26) 
Longitudinal section of the cephalopharyngeal skeleton (arrows) protecting the pharynx (ph) and the muscles (mu) attached to its cornua. Scale 
bar = 100 fLm. (27) Cross section of the mouth hook with central cavity (asterisk). Scale bar = 10 fLm. (28) Oblique section of the pseudocephalic 
segment with prominent salivary glands (s) and 2 mouth hooks (arrowheads); adipocytes (a), pharynx (ph), muscles (mu) attached to the integ-
ument. Scale bar = 100 fLm. (29) Pharynx (ph) protected by the cephalopharyngeal skeleton (arrows) and salivary glands (s). Scale bar = 100 
fLm. (30) Oblique section of the pseudocephalic segment; anterior spiracles (sp), salivary glands (s), pharynx (ph) protected by cephalopharyngeal 
skeleton's dorsal cornua (arrows). Note the non-sclerotized tissue of the cornua (arrowheads) connected with muscles (mu). Scale bar = 100 fLm. 
(31) Mouth opening (m) lined with epithelium (ep); pharynx (ph); cuticular spines (circled). Scale bar = 25 fLm. 
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A NEW GYRODACTYLID (MONOGENEA) GENUS ON GRAY BICHIR, 
POL YPTERUS SENEGALUS (POL YPTERIDAE) FROM SENEGAL (WEST AFRICA) 
Iva Piikrylova, Iveta Matejusova*, Nada Musilova, Milan Gelnar, and Philip D. Harrist 
Department of Botany and Zoology, Faculty of Science, Masaryk University, Kotla.rska 2, 611 37 Brno, Czech Republic. 
e-mail: ivaprik@sci.muni.cz 
ABSTRACT: Diplogyrodactylus martini n. g, et sp., a viviparous monogenean, is described from the gills of gray bichir Polypterus 
senegalus Cuvier, 1829, in SenegaL This new genus can be readily distinguished from the other described viviparous genera 
based on the morphology of the attachment apparatus. The haptor is equipped with a pair of centrally positioned hamuli, a simple 
ventral bar without membrane and 8 pairs of marginal hooks of 2 types, 5 pairs of hooks with well-defined large falculate sickles, 
and 3 pairs of smaller hooks with well-articulated sickles. The new genus is unique in having a teardrop-shaped muscular tubular 
male copulatory organ which lacks spines. A partial sequence of the internal transcribed spacer (ITS rDNA) was obtained from 
4 specimens of D, martini, The relationship among D. martini and other genera of the Gyrodactylidae is discussed based on the 
similarities of the attachment apparatus, 
Species of 4 genera of Gyrodactylidae van Beneden and 
Hess, 1864, have been reported from the freshwater fish of Af-
rica, The cosmopolitan Gyrodactylus Nordmann, 1832, repre-
sented by 20 species in Africa (Christison et aI., 2005; Nack et 
aI., 2005), has been described from fish of 7 families, Three 
further genera of the Gyrodactylidae infecting fish are endemic 
to Africa; these are Macrogyrodactylus Malmberg, 1957, with 
9 described species, and Afrogyrodactylus Paperna, 1968, and 
Mormyrogyrodactylus Luus-Powell, Mashego, and Khalil, 
2003, with 1 species each. Another gyrodactylid genus, Gyr-
dicotylus Vercammen-Grandjean, 1960, from non-fish hosts, 
was reported on the African continent from the clawed toad 
Xenupus laevis Daudin, 1802, 
Gray bichir, Polyp1erus sengalus Cuvier, 1829 (Polypteriformes: 
Polypteridae), is widely distributed in West and Central Africa, 
and in the Nile basin (FishBase), Until recently, only 1 mono-
genean parasite, Macrogyrodatylus polypteri Mafmberg, 1957, 
was known from this host (Khalil and Polling, 1997), although 
our previous investigation has confirmed the presence of 2 more 
Macrogyrodactylus species (Pi'ikrylova and Gelnar, 2008), 
During a parasitological survey in the National Park Niokolo 
Koba, Senegal, an undescribed viviparous monogenean from 
the gills of p, senegalus was found, This parasite could not be 
assigned to any known genus within the Gyrodactylidae due to 
the distinctive features of its attachment apparatus, and it is, 
therefore, described here as a member of a new genus using 
both traditional and molecular methods, 
MATERIALS AND METHODS 
A survey of fish parasites in several localities in the Niokolo Koba 
National Park, Senegal (West Africa), was undertaken during 2004-
2006, Gray bichir, p, senegalus (n = 5; mean total length 28,1 :!: 9,3 
cm), were collected from the area of Mare Kountadala (13°01 '89"N, 
13°18'54"W) and from the area of Mare Simenti (l3°01'8"N, 
13°17'7"W), large shallow oxbow lakes seasonally connected to the 
River Gambie, Fish were caught by nets and transported to the labo-
Received 15 April 2008; revised 10 July 2008; accepted 28 October 
2008, 
* FRS Marine Laboratory, P.O, Box 101, Victoria Road, Aberdeen 
ABll 9BD, U,K, 
t Schools of Continuing Education and Life and Environmental Sci-
ences, University of Nottingham, Nottingham NG7 2RD, U,K, 
DOl: lO.164S/GE-16S2.1 
ratory established at Poste Simenti, where dissection and examination 
for the presence of parasites were carried out. The identification of host 
species was performed according to Paugy et al. (2003), Monogenean 
parasites were removed from the fins, body surfaces, and gills of host 
fish, The haptors of 10 specimens were excised and fixed with a mixture 
of GAP (Malmberg, 1970) on a microscope slide for subsequent mor-
phological analysis. The remaining parts of parasite bodies were stored 
in absolute ethanol SPECTRANAL (Allied-Signal, Riedel-de Haen, 
Germany) at 4 C for molecular analysis. 
The morphological analysis of collected parasite specimens was carried 
out in the Laboratory of Parasitology, Department of Botany and Zool-
ogy, Masaryk University Brno, Czech Republic, using morphology of the 
hard parts and soft features of the internal anatomy (Malmberg, 1970; 
Khalil and Mashego, 1998); phase contrast and differential interference 
contrast (DIC) microscopy (Olympus BX5 I) were employed for morpho-
logic examination, The specimens fixed with GAP were permanently 
mounted in Canada Balsam (Ergens, 1969). During the procedure of re-
mounting, a few specimens were stained with iron acetocarmine to reveal 
internal structures. The hard parts of collected specimens were drawn with 
the aid of a drawing attachment. A total of 18 point to point measure-
'ments of the haptoral sclerites was made for each specimen (n = 20) as 
shown in Figure 1. All measurements in the morphological description 
are in micrometers unless otherwise stated and presented as the mean 
and standard deviation, with the range in parentheses, 
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Specimens were removed from ethanol, and genomic DNA was ex-
tracted according to the method of Matejusova et aL (200 I), The ITS 
rDNA region was amplified using primers ITSI and ITS2 (Cunningham, 
1997) and subjected to 30 cycles of 94 C for 1 min, 50 C for 1 min, 
and 72 C for 2 min, followed by an extended elongation step of 10 min 
at 72 C. The PCR products were purified from agarose gel (MinElute, 
Qiagen, Valencia, California) and cloned (TOPO Cloning kit for se-
quencing, Invitrogen, Carlsbad, California), Inserts were purified from 
plasmid (QIAprep Spin Miniprep kit, Qiagen) and sequenced using both 
plasmid (MI3F and M13R) and ITS primers in both directions, Se-
quencing was carried out using GenomeLab DTCS Quick Start Kit 
(Beckman Coulter, Fullerton, California) and an automated CEQ8800 
DNA Sequencer (Beckman Coulter), Sequences were analyzed using 
Sequencher software (Gene Codes Corp., Ann Arbor, Michigan), 
DESCRIPTION 
Dip/ogyrodacty/us n. g. 
(Figs. 2, 3) 
Diagnosis (based on 20 flattened parasite specimens in GAP): Body 
fusiform, comprising body proper (cephalic region, trunk, and peduncle) 
and haptor. Tegument thin, smooth. Cephalic region bilobed, each lobe 
containing a spike sensillum, Cephalic glands present. Eye spots absent. 
Mouth situated ventrally, Pharynx spherical, posterior section slightly 
bilobed, pharyngeal processes not present. Gut bifurcated, terminating 
blindly in the posterior part of trunk. Tubular male copulatory organ 
(MCO), situated posteriorly to bifurcation of the gut; spines and spine-
lets absent, opening to the body surface via a pore, Walls of MCO thick 
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FIGURE 1. Scheme of haptoral structure measurements of Diplogyrodactylus martini n. sp. (A) Hamulus: a = total length; b = root length; c 
= shaft length; d = point length. (B) Ventral bar: bl = bar length; bw = bar width. (C) Marginal hook, small type: tl = total length; sl = sickle 
length; pi = point length; pw = proximal width; ad = aperture distance; hi = handle length. (D) Marginal hook, large type: tl = total length; sl 
= sickle length; pi = point length; pw = proximal width; ad = aperture distance; hi = handle length. 
and muscular, maximum width of MCO at base. Vesicula seminalis 
positioned immediately behind MCO, communicating with it via a short 
duct; sperm visible in the vesicula seminalis of many specimens. A vas 
deferens extends forward to posterior margin of vesicula seminalis and 
could be traced posteriorly behind embryo. Female reproductive system 
dominated by thick walled, tubular uterus, usually containing develop-
ing F I embryos. F2 embryos observed only rarely, when Fl embryo 
has fully developed haptoral sclerites. Haptor clearly demarcated from 
trunk, with I pair of hamuli, ventral bar and 16 marginal hooks of 2 
morphological types and different sizes (5 pairs of marginal hooks with 
well-defined large falculate sickles and 3 pairs of smaller hooks with 
well-articulated sickles). Marginal hook filament loop present on both 
types of marginal hooks. 
Taxonomic summary 
Type and only species: Diplogyrodactylus martini n. sp. 
Etymology: Generic name reflects the presence of marginal hooks of 
2 morphological types. 
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FIGURE 2. Diplogyrodactylus martini n. sp. from Polypterus senegalus. (A) Specimen in toto; (B) attachment complex-hamuli and ventral 
bar; (C) small type marginal hooks; (D) large type marginal hooks. Scale bars: A = 200 /Lm; B = 20 /Lm; C, D = 10 /Lm. 
Dip/ogyrodacty/us martini n. sp. 
(Figs. 2, 3) 
Diagnosis: Coverslip-flattened parasite specimens 599 ± 77 (395-
719) long, 117 ± 13 (93-142) wide at mid-body. Adhesive disk di-
mensions 25.5 ± 3.9 (15.5-33) X 19 ± 2.8 (12.5-22). Pharynx 38 ± 
3.8 (29-42) wide. Haptor well defined. Hamuli total length 78.5 ± 2.4 
(74.5-83), root length 33 ± 2.1 (28-36), shaft length 67 ± 2 (62-70), 
point length 21 ± 1.4 (18-22). Ventral bar 7.5 ± 0.9 (6-9) long, 17 ± 
0.9 (15.5-18) wide, no membrane and very small anterolateral processes 
present. Dorsal bar absent. Marginal hooks of two types. Large type: 
31 ± 1 (27-32.5) long, sickle length 14 ± 0.5 (13-15), sickle point 
length 9.5 ± 0.6 (8-10.5), proximal width 9 ± 0.8 (7.5-10.5), aperture 
distance 12 ± 0.6 (10.5-13). Handle 17 ± 1 (14.5-19) long. Small 
type: 21 ± 0.7 (19.5-22) long, sickle length 6.5 ± 0.3 (6-7), sickle 
point length 5 ± 0.4 (4.5-7), proximal width 5.5 ± 0.3 (5-6), aperture 
distance 7 ± 0.6 (6-8). Handle 14.5 ± 0.5 (13.5-15.5) long. 
Taxonomic summary 
Type host: Polypterus senegalus Cuvier, 1829 (Polypteriformes: Po-
lypteridae), gray bichir. 
Site: Gills. 
Type locality: Mare Kountadala (13°01 '89"N, 13°18'54"W), National 
park Niokolo Koba, Senegal (20103/2006). 
Type material: Holotype and paratype slides are deposited in the 
Institute of Parasitology, Biology Centre, Academy of Sciences of the 
Czech Republic in Ceske Budejovice, Czech Republic (accession num-
ber M-465), voucher specimens (2008.4.21.1-3) Natural History Mu-
seum London, United Kingdom. Nucleic acid sequence of partial ITS 
rDNA fragment is deposited' in GenBank under accession number 
AM943OO8. 
Etymology: The specific name derives from the name, Martin, a lov-
ing twin brother of the principal author. 
Remarks 
The hamuli of D. martini n. g. et n. sp. resemble most closely species 
of Laminiscus Palsson and Beverly Burton, 1983, from capelin Mallotus 
villosus Muller, 1776, and those of Gyrdicotylus from African clawed 
toad. The hamuli of the above mentioned genera have similar shape, 
very open angle between shaft and point of the hamulus, but Diplogy-
rodactylus has no inner root. From the flattened material of D. martini, 
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identical to D. martini n. sp. described here. The 'Gyrodactylus 
sp.' of Shotter and Medaiyedu (1979) from Polypterus in the 
Niger River may also be identical to D. martini n. sp. 
The function of the marginal hooks has been well described 
for M. polypteri by Malmberg (1957), where the uneven distri-
bution of marginal hooks, 2 of 16 positioned on the anterolat-
eral lobes and the remaining 14 hooks forming the posterior 
margin of the haptor, allows them to function independently of 
each other. It has also been suggested that this modification of 
the attachment apparatus increases the mobility of macro gyro-
dactylids. Morphological modifications of the haptor are present 
in other viviparous gyrodactylid genera, for example in Gyr-
dic.otylus, in which the haptor is modified for suctorial attach-
ment, having 2 suckers developed from the tegument and po-
sitioned between the points and ventral root of the hamuli (Har-
ris and Tinsley, 1987). 
The marginal hooks of skin-parasitic Gyrodactylus species 
provide the principal force of attachment. While the hamuli are 
not actively employed in the process of attachment, together 
with both ventral and dorsal bars the hamuli are connected to 
the main muscles of the haptor (Shinn et aI., 2003). The mech-
anism of attachment of Diplogyrodactylus to host gills seems 
to be different from that described for species of Gyrodactylus. 
We suggest that an interaction occurs between the marginal 
hooks with large, well-defined falcular-shaped sickles and 
smaller marginal hooks with articulated sickles. It seems likely 
that the smaller articulated marginal hook sickles play a major 
role during the attachment of parasite to its host because their 
shape is very similar to species of Gyrodactylus. Detailed ob-
servation regarding the shape of the hamuli, especially the small 
fiat area on the innC'(r side, indicates that they probably touch 
each other during parasite attachment to host gills, with the 
simple ventral bar acting as a pressure pad. Furthermore, Di-
plogyrodactylus have an additional feature, a paif of muscular 
adhesive disks situated on the side of the hamuli, which are 
most likely also involved in parasite attachment to its host. The 
haptor of Mormyrogyrodactylus species is reinforced to func-
tion as a shallow sucker (Luus-Powell et al., 2003). However, 
a pair of muscular adhesive disks on the haptor of Diplogyro-
dactylus species is most similar to the 2 sucker-like structures 
of Swingle us Rogers, 1969, species, although their function and 
structure differ. 
The internal structure of Diplogyrodactylus is difficult to in-
terpret. In particular, it has proved difficult to observe the egg 
cell forming region, or the testis (which is normally conspicu-
ous in gyrodactylid monogeneans), although sperm in a vesicula 
seminalis are present (Jones and Whittington, 1992). This might 
be because the type material was first fixed unstained, and then 
stained later during remounting. However, these structures are 
not visible even with phase contrast or differential interference 
contrast microscopy, which should be adequate to observe 
them. Interestingly, the unpublished drawings of Euzet (pers. 
comm.) also show relatively little internal structure. It is pos-
sible that this gyrodactylid is relatively more progenetic (Harris, 
1983; Bakke et al., 2007) than some other genera and, therefore, 
has a simpler internal structure. Alternatively, this may be a 
seasonal effect, and collection at different times of year may 
reveal individuals with more extensively developed internal or-
gans. 
The relationship of this new genus to other viviparous gy-
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rodactylid monogeneans is unclear. It forms one of a group of 
African gyrodactylids in which the Mea is tubular. Although 
the armed Mea is tubular in the egg-laying gyrodactylid genera 
(Kritsky and Boeger, 1991; Boeger et al., 1994), all viviparous 
gyrodactylid genera outside of Africa have a spherical armed 
Mea. The African genera with a tubular Mea include the 
recently described Mormyrogyrodactylus (see Luus-Powell et 
al., 2003) and Gyrodactylus (originally Afrogyrodactylus) char-
acinis, described by Paperna (1968). The Mea of the other 
species of Gyreteroncus (Euzet and Birgi, 1988) were also tu-
bular, but spinous. These were collected from mormyrids and 
may have affinities with Mormyrogyrodactylus. Furthermore, 
Gyrdicotylus contains undescribed species in which the Mea 
is tubular (P. Harris, R. Tinsley, and Jackson, unpubi. obs.) al-
though the type species, Gyrdicotylus gallieni, has a spherical 
Mea (Harris and Tinsley, 1987). The hamuli of Afrogyrodac-
tylus species have very well defined inner roots and are con-
nected with the dorsal bar, whereas in Mormyrogyrodactylus 
only a single root is present and the dorsal bar is tiny (Luus-
Powell et aI., 2003). Specimens of the newly described genus 
lack a distinct inner hamulus root and the dorsal bar. In Gyr-
dicotylus, although the type species G. gallieni has strongly 
developed inner hamulus roots (Harris and Tinsley, 1987), un-
described forms from the mouths of Xenopus sp. toads have 
weaker inner roots, more akin to the new genus Diplogyrodac-
tylus (P. Harris, R. Tinsley, and Jackson, unpubi. obs.), and a 
dorsal bar is absent. Furthermore, in Gyrdicotylus, at the base 
of the suckers in the haptor, is a densely staining muscular area 
that closely resembles the muscular disks described here for 
Diplogyrodactylus. Although further research is hampered by 
the shortage of specimens, it appears that there is a clade of 
viviparous gyrodactylids in tropical Africa that infect primitive 
fish or amphibians and that are characterized by marginal hooks 
with shafts slightly longer than the sickles, no dorsal bar, and 
in some cases a tubular Mea. Future phylogenetic analysis 
based on the ribosomal DNA sequence might help to reveal the 
position of Diplogyrodactylus within the Gyrodactylidae and its 
relationship to other African genera, including Gyrdicotylus. 
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MORPHOLOGY, MOLECULAR DATA, AND DEVELOPMENT OF ZSCHOKKELLA MUGILIS 
(MYXOSPOREA, BIVALVULlDA) IN A POLYCHAETE ALTERNATE HOST, 
NEREIS DIVERSICOLOR 
LUIS F. Rangel, Maria J. Santos*, Gabor Cecht, and Csaba Szekelyt 
Universidade do Porto, Faculdade de Ciencias, Departamento de Zoologia-Antropologia, Rua do Campo Alegre, sin. Ediffcio FC4, 4169-007 
Porto, Portugal, and CIMAR Laboratorio AssociadolCIIMAR, Centro Interdisciplinar de Investigagao Marinha e Ambiental, Universidade do 
Porto, Rua dos Bragas, 289, 4050-123 Porto, Portugal. e-mail: mjsantos@fc.uppt 
ABSTRACT: The morphology of Zschokkella mugilis Sitja-Bobadilla and Alvarez-Pellitero, 1993 (Myxosporea, Bivalvulida) in 
Nereis diversicolor O. F. MUller, 1776 is described for the first time. The molecular data show that the actinospore has 100% 
similarity to the myxospore of Z. mugilis, Fully mature actinospores are tri-radiate, the spore body has a small process, and the 
sporoplasm has 2 inner daughter cells, In the polychaete, the spores of the parasite develop in groups of 8 inside pansporocysts. 
The schizogony phase takes place in the intestinal epithelium, while gametogony and sporogony occur in the coelom of the 
polychaete. Observations indicate that mature spores are released only during the polychaete reproductive season. Infection was 
detected only in the winter and spring. In the Aveiro estuary (Portugal), the overall prevalence of infection of the polychaete 
was 0,5%. 
Since the discovery of the life cycle of a myxozoan by Wolf 
and Markiw (1984), studies on this group of parasites have been 
aimed at freshwater species that use oligochaetes as invertebrate 
hosts (Lorn and Dykova, 2006). However, it was suggested that, 
in the marine environment, polychaetes would be the best can-
didates to act as invertebrate hosts for marine species of Myx-
ozoa (Kpie, 2000, 2002). From myxozoan life cycles already 
described, only 3 are marine species, i.e" Ellipsomyxa gobii 
Kpie, 2003, which uses the polychaetes Nereis diversicolor 0, 
F. Muller, 1776 and N. succinea Frey and Leuckart, 1847, as 
invertebrate hosts (Kpie, 2000; Kpie et aI., 2004); Gadimyxa 
atlantica Kpie, Karlsbakk and Nylund, 2007, which infects the 
polychaetes Spirorbis spp. (Kpie et aI., 2007); and Ceratomyxa 
auerbachi (Noble, 1950), which employs the polychaete Chone 
infundibuliformis Krpyer 1856, as invertebrate host (Kpie et aI., 
2008). 
In the marine environment, 2 other, still unidentified, myx-
ozoan species are hosted by polychaetes (Kpie, 2002, 2005). In 
freshwater, there are also 2 myxozoan species that occur in 
polychaetes, i.e., Ceratomyxa shasta Noble, 1950 (Bartholo-
mew et aI., 1997) and Parvicapsula minibicornis, Kent, Whi-
taker and Dawe, 1997 (Bartholomew et aI., 2006); both of these 
have been reported in Manayunkia speciosa Leidy, 1858. Their 
life cycles are known. 
The parasite of focus in the present study, Z. mugilis Sitja-
Bobadilla and Alvarez-Pellitero, 1993, is a myxozoan originally 
described among fishes of the Mugilidae. In the Mediterranean 
Sea, Z. mugilis infects Mugil cephalus Linnaeus, 1758, Liza 
ramado (Risso, 1810) (=M, capito Cuvier, 1829), and L. saliens 
(Risso, 1810) (Sitja-Bobadilla and Alvarez-Pellitero, 1993). 
These are euryhaline fishes found in estuaries (Cardona, 2000), 
The main aim of the present work is to describe the mor-
phology of the actinosporean phase of Z. mugilis, to present its 
molecular data, and to report on its development inside the in-
vertebrate host, N, diversicolor. Moreover, data on the preva-
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lence of infection and its seasonal variation in A veiro estuary 
(Portugal) are provided, 
MATERIALS AND METHODS 
Actinosporean survey 
From January to October 2007, 1,048 specimens of N. diversicolor 
were collected by bait diggers from the Aveiro estuary (Portugal) 
(400 40'N, 8°45'W). The polychaetes were wrapped inside newspaper 
sheets with wet algae and kept refrigerated at 5-8 C. Under these con-
ditions, they survive for at least 1 wk. 
An examination for actinosporeans was performed using the coelomic 
fluid of N. diversicolor. Since the objective of this study was to follow 
the development of the spores within the polychaete, an innovative ob-
servation method capable of preserving the host's life while still iden-
tifying the infected worms had to be adopted. We believe that the new 
method for finding and isolating actinosporeans may be useful for other 
parasite surveys of polychaetes. In larger polychaetes, the coelomic flu-
id near a parapodium was obtained with a hypodermic needle and sy-
ringe, while in smaller individuals, 1 or 2 posterior segments were cut 
off and a drop of fluid was placed on a slide, The coelomic fluid was 
then examined using a microscope in a fresh mount with a drop of salt 
water (15%0 salinity). 
The polychaetes were sexed by the examination of gametes, The 
maxillae of infected polychaetes were collected and measured according 
to Olive and Garwood (1981). 
Actinosporean development and morphology 
In order to follow the actinosporean development, an infected poly-
chaete was placed in quarantine, The polychaete was kept in a large 
Petri dish (15 cm in diameter), with 15%0 artificial saltwater (Tropic 
Marin, sea salt, Wartenburg, Germany) and a small amount of sand. The 
sand helped the polychaete to remove the excess mucus from its surface 
and avoid body fragmentation. The water was exchanged every 3 or 4 
days and the polychaete was fed with fish food flocks (Tetra, Anivite, 
S.A., Ribatejo, Portugal), The ambient air temperature was regularly 
measured and maintained at 21-24 C. Coelomic fluid of the quarantined 
polychaete was collected every 3 or 4 days. The actinosporean mor-
phology was periodically examined and photographed using a micro-
scope (Zeiss Axiophot, Grupo Taper, Sintra, Portugal) with differential 
contrast interference (DIC) and equipped with a Zeiss Axiocam Icc3 
digital camera. The image analysis was performed with the software 
Axiovision 4.6 (Grupo Taper, Sintra, Portugal), Morphological descrip-
tions and measurements were made according to Lom et al. (1997), 
Measurements of pansporocysts and actinospores were taken from fresh 
material, as indicated in Figures 1 and 2, Mean values and their standard 
deviations are given in f.Lm. For molecular analysis, coelomic spores 
released into the water by the quarantined polychaetes were collected 
and preserved in 99.8% ethanol. 
For comparative purposes, histological studies were conducted using 
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FIGURES 1-2. (1) Measurements of pansporocysts. Abbreviations: Cl, constriction length; P11 and P12, partial length; Pwl and Pw2, panspo-
rocyst width; Tl, pansporocyst total length. (2) Measurements of actinospores. Abbreviations: PI, processes length; Pw, processes width; Sbl, spore 
body length; Sbw, spore body width; TJ, actinospore total length. 
both infected and un infected polychaetes. Tissue samples of N. diver-
sicolor were fixed with Davidson's seawater fixative for 24 hr and pre-
served in 70% ethanol, after which they were processed for histology 
and stained with hematoxylin and eosin (H&E) and Giemsa. 
Molecular analysis 
For DNA extraction, samples preserved in ethanol were centrifuged 
at 5,000 g for 5 min to pellet the myxospores, and the ethanol was then 
removed. DNA was extracted using a QIAGEN DNeasy tissue kit (Qia-
gen, Hilden, Germany) and eluted in 50 ILl of buffer AE. 
The 18S rDNA was amplified using the primers 18e and 18g' (Hillis 
and Dixon, 1991) in a 25-ILI reaction mixture, which comprised I ILl 
extracted genomic DNA,'5 ILl I mM deoxyribonucleotide triphosphates 
(dNTPs, MBI Fermentas, Burlington, Ontario, Canada), 0.25 ILl of each 
primer, 2.5 ILl lOX Taq buffer (MBI Fermentas), 1.25 ILl 25 mM MgCI2 , 
I ILl Taq polymerase (2 U) (MBI Fermentas), and 12 ILI-diethylpyro-
carbonate (DEPC) water. The polymerase chain reaction (PCR) cycle 
consisted of an initial denaturation step of 94 C for 4 min, followed by 
35 cycles of 94 C for 50 sec, 56 C for 50 sec, 72 C for 80 sec, finished 
with terminal extension at 72 C for 7 min, and then rested at 4 C. 
This was followed by a second round of PCR with the ACTIF-
MYX4R primer pair (Hallet and Diamant, 2001). The total volume of 
the nested PCR reactions was 50 ILl, which contained I ILl amplified 
DNA, 10 ILl I mM dNTP (MBI Fermentas), 0.5 ILl of each primer, 5 
ILl lOX Taq buffer (MBI Fermentas), 2.5 ILl 25 mM MgCI2 , 2 ILl Taq 
polymerase (2 U) (MBI Fermentas), and 28.5 ILl DEPC water. Ampli-
fication conditions in the second round were: 94 C for 50 sec, 52 C for 
50 sec, and 72 C for 60 sec for 35 cycles; the cycle was terminated 
with an extension period at 72 C for 10 min, and then rested at 4 C. 
Both PCR cycles were performed in a PTC-200 thermocycler (MJ Re-
search, Waltham, Massachusetts). The PCR products were electropho-
resed in 1.0% agarose gels in Tris-acetate-EDTA (TAE) buffer gel 
stained with 1% ethidium bromide and then purified with the PCR-M 
Clean Up System (Viogene, Taipei, Taiwan). 
Purified PCR products were sequenced in both directions with the 
primers mentioned above, using the ABI BigDye Terminator v3.1 Cycle 
Sequencing Kit with an ABI 3100 Genetic Analyser (Applied Byosys-
terns, Foster City, California). 
The forward and reverse sequence segments were aligned in BioEdit 
(Hall, 1999), and ambiguous bases were clarified using corresponding 
ABI chromatograms. Nucleotide sequences were aligned with the soft-
ware CLUSTAL W (Higgins et aI., 1994). The alignment was corrected 
manually using the alignment editor of the software MEGA 4.0 (Tamura 
et aI., 2007). DNA sequence similarities were calculated with the Se-
quence Identity Matrix of the software BioEdit (http://www.mbio. 
ncsu.edulBioEditlBioEdit.html). 
RESULTS 
Prevalence of infection in N. diversico/or 
Actinospores and actinosporean developmental stages of Z. 
mugilis were found in infected N. diversicolor. The early stages 
(multinucleate and, eventually, uninucleate cells) were found in 
the intestinal epithelium (Fig. 3). All of the other forms were 
found in the coelomic fluid (Fig. 4). Only S of 1,048 worms 
were infected (prevalence of 0.5%). All infected worms were 
either male or of undefined sex, with maxillae ranging from 1.7 
to 2.5 mm in length. The seasonal prevalence was 3.2% for 
winter (January-March; n = 126), 0.4% for spring (April-June; 
n = 231), and 0% for summer (July-September; n = S28) and 
autumn (October-December; n = 163). In terms of pathology, 
no visible change of host morphology was detected, and only 
a continuous swelling of the body was noticed during the period 
of infection; however, this coincided with sexual maturity. 
Actinosporean development and morphology 
One infected polychaete was examined regularly for 28 days. 
The worm was captured on 11 April 2007 in A veiro estuary 
and the infection was initially detected on 16 April. The earliest 
stages observed in the coelomic fluid were round-shaped cells, 
12-13 /-Lm in diameter (Fig. SA). Other cells were observed in 
division (Figs. SB, SC). These cells corresponded to the end of 
schizogony and the beginning of gametogony. 
After 3 days, the coelomic fluid was filled with pansporo-
cysts, all in the same state of development (Fig. SD). The de-
velopmental stages previously. observed on the first day were 
rarely seen. In this phase, the pansporocysts possessed 10 cells; 
2 were large cells and 8 were smaller. 
By the seventh day, all pansporocysts were in sporogony. 
Pansporocysts had 8 zygotes (Figs. SE, SF). Each zygote was 
undergoing development (Fig. SE), with 3 peripheral cells 
(those will then form the capsulogenic and valvogenic cells) 
and 1 central cell (forming the sporoplasm-mother cell) present. 
On the tenth day, the coelomic fluid was filled with panspo-
rocysts possessing 8 actinospores in a more advanced stage of 
development (Fig. SG). At that point, some pansporocysts were 
till in th wing 
nta-
mi fluid wa fill d with matur pan pry t and 
a large numb r f f1' e actin p re n day 21 (Fig. 6D). Th 
r und- hap d cell b er ed at the b ginning f the quarantine 
p ri d (Fig. SA, S ) reappeared in the c I mic fluid. 
n day 24 the c I mic fluid wa filled with· mature pan-
p r cy t and a large number f fr e actin p r . H wev r, 
th r pan pry t w r till in their initial pha f de 1-
pm nt i.e. garnet g ny (Fig. 6 ). 
On day 2 the in~ t d P lychaete died. Until that pint it 
b dy had en v ry w II n but it uddenly b am ry lim 
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FIGURE 8. Development of Z. mugilis in N. diversicolor (schematic diagram). (A) Myxospores of Z. mugilis. (B) Nereis diversicolor infection 
and the first actinosporean development in the host's intestinal epithelium. (C-H) Actinosporean development in the host's coelomic cavity. (C-
D) Gametogony phase. (E-H) Sporogonic phase. (H) Free actinospores. 
sion is justified. The current placement of these 2 species in 
separate genera may prove to be incorrect, following appropri-
ate analysis. 
Actinosporean developmental stages of Z. mugilis were 
found in the intestinal epithelium and in the coelomic spaces 
of infected N. diversicolor. The cells of the schizogony phase 
were found in the intestinal epithelium. All of the other devel-
opmental stages were found in the coelomic space. In these 
polychaetes, and in marine oligochaetes except C. shasta (Bar-
tholomew et al., 1997), actinosporean development has been 
described as occurring mainly in the host's coelomic space 
(Hallet et al., 1998; Hallet et al., 1999; KS'lie, 2000, 2002; KS'lie 
et al., 2004; Bartholomew et aI., 2006), something that is also 
now shown for Z. mugilis in N. diversicolor. 
The first development phase in N. diversicolor is unknown, 
as is the period of time spent in the intestinal epithelium. The 
development of actinospores in the coelomic cavity took 21 
days, at temperatures ranging from 21 to 24 C (Fig. 8). Once 
started, cyclical development of this species in N. diversicolor 
continued until the polychaete'S breeding season, at which time 
infected polychaetes succumbed. We did not observe any re-
lease of free actinospores throughout the quarantine period. In 
fact, mature actinospores were released only when the worm 
died, when it simultaneously released mature spermatozoa. 
This coincidence of events suggests that the release of mature 
actinospores is connected with the breeding season of the host. 
Nereis diversicolor is a monotelic species, i.e., the polychaete 
dies immediately after spawning (Andries, 2001). In the breed-
ing season, the ripe females deposit their eggs inside their gal-
leries and the ripe males release their sperm into water near the 
openings of the female galleries (Bartels-Hardege and Zeeck, 
1990). Sperm are released as. the body of the male disintegrates 
(Scaps, 2002). It appears that, while gametes of the host mature, 
actinospores accumulate in the body of the host until it disin-
tegrates during the breeding season; it then releases spores and 
gametes. 
Zschokkella mugilis in N. diversicolor exhibited a prevalence 
of 0.5% in 1,048 specimens examined during the study. Curi-
ously though, only males and immature worms were infected. 
The infection was found either in small individuals (maxillae 
1.7 mm in length) or in large ones (maxillae 2.5 mm in length) 
in a range of worms with maxilla sizes varying between 0.4 
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and 3.4 mm (Abrantes et aI., 1999). The seasonal variation in 
prevalence showed that parasite recruitment occurred in winter 
(3.2%) and spring (0.4%). Nereis diversicolor has 2 breeding 
periods in Aveiro estuary, one in March/April and another in 
September/October (Abrantes et al., 1999); therefore, it appears 
that the development of this myxosporean species is somehow 
correlated with at least with the first breeding period of N. di-
versicolor. 
Zschokkella mugilis is also known to infect mugilid fishes 
(Sitja-Bobadilla and Alvarez-Pellitero, 1993). The Aveiro es-
tuary serves as a habitat for 6 mugilid species; these mugilids 
include M. cephalus, a resident species, and L. ramado and L. 
saliens, 2 migrant species (Pombo et aI., Z007). Mugilids are 
euryhaline fishes and, in the case of M. cephalus, the juveniles 
of this species mature in brackish waters of the North Atlantic 
(Cardona, 2000). Nereis diversicolor is also a euryhaline spe-
cies and is more abundant in shallow waters with intermediate 
levels of salinity (Abrantes et aI., 1999). There is, therefore, an 
overlapping habitat requirement of the myxozoan parasite and 
its mugilid host. 
Until now, only 3 marine myxozoan life cycles, all involving 
polychaetes, have been reported in the literature, Le., for E. 
gobii (K~ie et al., 2004), G. atlantica (K~ie et aI., 2007), and 
C. auerbachi (K~ie et aI., 2008). The present work adds the 
description of a fourth marine myxozoan life cycle. 
The results reported here also raise new problems for the 
survey of actinospores in invertebrate hosts. The method de-
veloped by Yokoyama et al. (1991), which is very useful in 
acquiring actinospores from oligochaete hosts, cannot be ap-
plied to N. diversicolor. On one hand, the maintenance of this 
species in the lab is lp.ore demanding because of its large size. 
On the other hand, if the release of actinospores is associated 
with the host's death, the cell-well plate method for these poly-
chaetes will be useless. Extracting coelomic fluid with the help 
of a hypodermic needle and syringe, or cutting off 1 or 2 pos-
terior segments in younger individuals, will be an innovative, 
useful, and practicable method for monitoring actinospore de-
velopment step by step, once we are able to keep the polychaete 
alive in the laboratory, with little disturbance, for several weeks 
at a time. 
Recently, efforts have been directed in fish farms to raise 
polychaetes, especially N. diversicolor, in conjunction with the 
fish. The idea is to use the aquatic systems already in use for 
the fishes and to add the polychaete cultures (Fidalgo-e-Costa, 
1999; Fidalgo-e-Costa and Cancela-da-Fonseca, 2000). In many 
cases, the residues of food not ingested by the fishes and even 
their feces can be directly used as food for polychaetes (Batista 
et al., 2003). If we consider that myxozoan parasites only need 
the simultaneous presence of fish and annelids to complete their 
life cycle, the polyculture of these 2 groups of animals could 
produce severe infections, which could surely perpetuate the 
parasite's life cycle under such conditions. Great vigilance and 
care must, therefore, be employed to prevent the establishment 
of the parasite. 
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PCR ASSAYS FOR DETECTION OF BAYLISASCARIS PROCYONIS EGGS AND LARVAE 
Sriveny Oangoudoubiyam, Ramesh Vemulapalli, and Kevin R. Kazacos 
Department of Comparative Pathobiology, Purdue University, West Lafayette, Indiana 47907. e-mail: dsriveny@purdue.edu 
ABSTRACT: The objective of this study was to develop polymerase chain reaction (peR) assays for detection of Baylisascaris 
procyonis eggs and larvae in fecal, environmental, and tissue samples. We have optimized conventional and real-time peR assays 
for B. procyonis using the mitochondrial cytochrome oxidase 2 gene as the target for amplification, The lower limit of detection 
of the parasite genomic DNA was 10 pg in the conventional peR and 100 fg in the real-time peR In both peR assays, specific 
amplification of a 146 bp product was achieved with DNA extracted from a single in vitro hatched B. procyonis larva and also 
from canine fecal samples spiked with as few as 20 unembryonated B. procyonis eggs per gram of feces, The peR assays were 
successfully used for detection of B. procyonis eggs and larvae in fecal, environmental, and tissue samples, No DNA amplification 
was seen when the genomic DNA of related ascarids (including B. trans fuga) and a hookworm was used as template in the peR; 
however, amplification was seen with the very closely related B, columnaris, 
The raccoon roundworm, B. procyonis, is an emerging public 
health concern in North America, Europe, and parts of Asia, 
This parasite is responsible for causing visceral, ocular, and/or 
neural larva migrans (NLM) in more than 100 species of birds 
and mammals, including humans. Small mammals and birds 
usually acquire the infection when they accidentally ingest in-
fective eggs while foraging for partially digested seeds in rac-
coon latrines in domestic and/or wild natural environments 
(Page et aI., 1999; Kazacos, 2001). On the other hand, humans 
become infected by accidental ingestion of infective eggs from 
various environmental sources contaminated with raccoon fe-
ces. This parasite is being increasingly identified as an impor-
tant cause of NLM and eosinophilic meningitis in humans. Fif-
teen human cases of B. procyonis NLM, including 6 fatalities, 
primarily involving children, have been summarized by Murray 
and Kazacos (2004). Over a dozen unpublished cases of infec-
tion are also known (K. R. Kazacos, pers. obs.). In most in-
stances involving heavy infection, the outcome of the disease 
has been permanent neurological damage. Baylisascaris pro-
cyonis is also well known as the primary cause of the large 
nematode variant of diffuse unilateral subacute neuroretinitis 
(DUSN), a type of ocular larva migrans (OLM) (Goldberg et 
aI., 1993; Kazacos, 2001). The risk of exposure to this parasite 
is increasing owing to the fact that raccoons, the primary de-
finitive host, have adapted well to the urban ecosystem and live 
in close association with humans (Roussere et aI., 2003). Keep-
ing raccoons as pets or translocating them not only increases 
the risk of exposure, but could also lead to the introduction of 
B. procyonis into new geographical areas (Kazacos, 2001). Oth-
er factors, such as the high prevalence of B. procyonis in rac-
coons in many areas, as well as their ability to contaminate, 
indicate that the risk of exposure to this parasite is large. In-
fected raccoons can shed millions of eggs/day in their feces, 
and these eggs can survive for years in the environment, in-
creasing the possibility of infection (Kazacos, 2001; Gavin et 
aI., 2005). 
The current approach for detection and identification of B. 
procyonis eggs from feces or the environment, or of larvae 
recovered from the tissues of infected small mammals and 
birds, is based on morphological examination (Kazacos, 2001). 
Epidemiological investigation aids in the determination of 
cause, but may not result in a definitive or conclusive diagnosis. 
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Identification of eggs based on morphology requires a level of 
expertise and usually is done from fresh feces. Identification of 
eggs from environmental samples is problematic in that they 
are harder to recover and must be separated from a myriad of 
free-living invertebrate and plant stages, including free-living 
nematodes. In addition, eggs from the soil may have altered 
morphological characteristics due to embryonation or mechan-
ical damage, making them more difficult to identify. The prob-
lem is further exacerbated by environmental cross-contamina-
tion with eggs of other parasites, including Baylisascaris spp., 
that are morphologically similar to B. procyonis. This would 
include B. columnaris of skunks, which share the habitat with 
raccoons, B. melis of badgers in certain parts of the United 
States and Europe, and B. trans fuga of bears in both the wild 
and zoological park environments. Based on the presence of 
infected hosts in an area, the environment is likely to be con-
taminated with parasite eggs that may be difficult to identify 
without sound parasitological skill. Similarly, B. procyon is lar-
vae recovered from the tissues of infected animals or humans 
are difficult to identify and must be separated from other nem-
atode larvae that may also occur, including other Baylisascaris 
spp. (Kazacos, 2001). 
PCR can be an efficient technique for diagnosis of parasitic 
infections. Methods are being developed to use PCR as an al-
ternative approach for specific identification of zoonotic nem-
atodes (Zhu et aI., 2001). Performing a PCR assay does not 
require any parasitological proficiency and can be easily adapt-
ed by diagnostic laboratories that routinely use PCR-based as-
says to detect other pathogens. Currently, conventional PCR is 
being replaced by real-time PCR due to its several advantages, 
including greater dynamic range and sensitivity and no require-
ment for post-PCR processing for amplified product detection. 
However, conventional PCR is still the more widely used tech-
nique in various diagnostic laboratories. 
The purpose of this study was to develop a PCR assay that 
could specifically detect B. procyonis eggs or larvae. A primer 
pair was designed for specific amplification of a 146 bp DNA 
fragment of the mitochondrial cytochrome oxidase 2 (cox2) 
gene of B. procyonis. This primer pair was used to standardize 
both conventional (agarose gel-based detection) and real-time 
(SYBR Green dye-based detection) PCR assays. Canine fecal 
samples spiked with different numbers of unembryonated B. 
procyon is eggs were used to determine the lower limit of de-
tection of the 2 PCR techniques. The PCR assays were used to 
detect B. procyon is eggs from the feces of a naturally patent 
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dog, naturally contaminated soil samples, and larvae isolated 
from the brain tissue of a canary and a chinchilla that died of 
NLM and that were present in formalin-fixed paraffin-embed-
ded tissue sections of the brain from a porcupine with NLM. 
MATERIALS AND METHODS 
Bay/isascaris procyonis eggs and larvae 
Collection and embryonation of B. procyonis eggs were done as de-
scribed by Kazacos et al. (1981). Adult female B. procyonis worms 
collected from raccoon intestines and preserved in 2% formalin were 
dissected to collect the uterus containing eggs. The vagina and terminal 
part of the uterus were removed and processed to collect fertile eggs, 
which were embryonated in 2% formalin-0.85% saline. Second stage 
(L2) larvae were hatched aseptically from in vitro embryonated B. pro-
cyonis eggs, placed into in vitro cultures, and allowed to molt to the 
L3 stage under laboratory conditions (Boyce et aI., 1988). These larvae 
were then collected, washed with phosphate-buffered saline (PBS), and 
stored at -20 C until use. The larvae were used for extraction of DNA 
for standardization of the PCR assays. 
Alternatively, the mid-part of the uterus was removed to collect in-
fertile eggs when unembryonated eggs were required. The collected 
uteri were homogenized in a loose TenBroeck grinder (Wheaton Sci-
entific International, Millville, New Jersey) to release the eggs, and the 
homogenate was treated with bleach to remove the uterine tissue. The 
eggs were then washed at least 5 times with 0.85% saline to remove 
all traces of bleach. The eggs were then resuspended in PBS and diluted 
to obtain a concentration of 100 unembryonated eggs per 20 ILl of PBS. 
These eggs were used for extraction of DNA directly and for spiking 
canine feces. 
Collection of other ascarids and related parasites 
Toxocara canis, Ancylostoma caninum, and Toxocara cati were col-
lected from dogs and cats submitted for necropsy to the Indiana Animal 
Disease Diagnostic Laboratory (West Lafayette, Indiana). Toxascaris 
leonina was collected from coyotes hunted in Indiana; Ascaris suum 
from pigs at a regional slaughter facility; B. trans fuga from bears at the 
Milwaukee Zoo, Milwaukee, Wisconsin; and B. columnaris from a 
road-killed skunk in Indiana. The worms were washed tboroughly in 
tap water and saline, then preserved in 70% ethanol until use for DNA 
extraction. 
Design of oligonucleotide primers 
A primer pair BpF and BpR (Forward primer 5' -tgagtttagtgata-
ttcctgga-3' and Reverse primer 5 '-cagaagtaatacaaaaccggat-3', respec-
tively) was designed to target a 146-bp fragment between 258 bp and 
403 bp of the mitochondrial cox2 gene of B. procyon is (GenBank ac-
cession number AFI79908). The selection of this primer pair was done 
after analyzing the multiple alignment of cox2 nucleotide sequences of 
B. procyonis, B. transfuga, T. canis, A. suum, and Tox. leonina, so that 
these primers would yield a 146-bp B. procyonis-specific PCR product. 
The cox2 sequence for B. columnaris, T. cati, and An. caninum is not 
known. 
A primer pair 18SF 5 '-ccatgcatgtctaagttcaa-3 , and 18SR 5'-
ttattctccgttacccgtta-3', with similar melting temperatures (Tm) as those 
of B. procyonis cox2 primers, was designed to amplify a 325-bp product 
of the conserved 18S small subunit rRNA gene of nematodes. Ampli-
fication of this 325-bp product of the 18S rRNA gene served as an 
internal control in the duplex conventional PCR. 
Genomic DNA extraction from adult and larval worms 
When adult parasites were used for DNA isolation, a small piece of 
parasite tissue (body wall, muscle, and internal organs) was taken and 
finely cut into pieces using a sharp scalpel. The cut tissue was trans-
ferred into a microcentrifuge tube with glass beads and sterile distilled 
water. Tissue disruption took place by agitating the microcentrifuge 
tubes on a Vortex-Genie 2T with Turbomix (Scientific Industries, Inc., 
Bohemia, New York), which is an attachment that facilitates vigorous 
mixing and vortexing of 1.5-ml microfuge tubes. The contents in the 
microcentrifuge tube were spun down and an equal amount of 2X DNA 
digestion buffer (200 mM Tris-HCI, 20 mM EDTA, 2% SDS, and 5 
mg/ml proteinase K) was added and incubated overnight at 55 C in a 
water bath. DNA was extracted using either DNEasy Tissue Kit (Qia-
gen, Valencia, California) or standard phenol-chloroform extraction and 
ethanol precipitation (Sambrook et aI., 1989). DNA isolation from in 
vitro hatched B. procyonis larvae was done using the same protocol 
(bead beating on a Vortex-Genie 2T with Turbomix), except that whole 
larvae were disrupted using the Turbomix. Larvae isolated from the 
brain tissue of a canary and chinchilla with NLM were processed sim-
ilarly. 
Genomic DNA extraction from B. procyonis unembryonated eggs 
A stock suspension containing 100 unembryonated B. procyonis eggs 
per 20 ILl of PBS was prepared. Aliquots of specific numbers of eggs 
(20,000, 2,000, 200, and 20 eggs) from this stock were prepared in 
microfuge tubes and centrifuged at 16,000 g to pellet the eggs; the 
supernatant was then carefully removed and the eggs were resuspended 
in 180 ILl of PBS. The DNA from these eggs was isolated using 
QIAamp DNA Micro Kit (Qiagen), with slight modifications. Briefly, 
the eggs in 180 ILl of PBS were disrupted by adding glass beads and 
then agitating the microfuge tubes in a Turbomix, with the disruption 
time varying between 4 min and 10 min depending upon the number 
of eggs used; the times were determined after microscopic verification 
of egg disruption. After disruption of the eggs, 20 ILl of proteinase K 
(supplied with QIAamp DNA Micro Kit) was added and incubated 
overnight at 55 C for the digestion reaction to take place. The remainder 
of the protocol used for DNA extraction was as per the manufacturer's 
recommendations. 
DNA extraction from canine fecal samples spiked with B. 
procyonis unembryonated eggs 
A similar protocol was used to isolate DNA from canine fecal sam-
ples spiked with B. procyonis unembryonated eggs. Canine fecal sam-
ples were spiked with 20,000, 2,000, 200, and 20 unembryonated B. 
procyonis eggs per gram of wet weight of feces. The eggs were then 
separated from the spiked fecal samples (1 g) by performing a standard 
centrifugal sucrose flotation technique, with Sheather's sugar solution 
at specific gravity 1.25-1.27. The fluid drop (flotation solution) hanging 
from the cover slip was then carefully transferred into a sterile 1.5-ml 
microcentrifuge tube and diluted with 1 ml of sterile PBS. After gentle 
vortexing, the eggs were pelleted by centrifugation at 13,800 g for 5 
min and the supernatant was discarded. The eggs were washed a second 
time with PBS to completely remove the sucrose flotation solution. The 
pelleted eggs were then resuspended in 180 ILl of PBS and further pro-
cessed for the isolation of genomic DNA, as described previously. 
DNA extraction from a single in vitro hatched B. procyonis L3 
Isolation of DNA from individual larvae was performed as per the 
method of Silvestre and Humbert (2000), with slight modifications. 
Briefly, the larvae that were stored at -20 C were removed as individual 
larvae in 2 ILl of suspension and 8 ILl of extraction buffer (1 mM Tris-
HCI, 0.1 mM EDTA, 5 mg/ml proteinase K) and incubated overnight 
at 55 C. Proteinase K was inactivated at 95 C for 20 min. This digested 
larva was used as template for the PCR reaction. 
DNA extraction from soil samples naturally contaminated with B. 
procyonis eggs 
Initial recovery of B. procyonis eggs from the contaminated soil sam-
ples was done as described by KaZilCOS (1983). Briefly, 30 g wet weight 
of the mixed contaminated soil was weighed and transferred into a 250-
ml Erlenmeyer flask. To this, 60 ml of water and 0.5 ml of Tween 80 
were added, and the flask was stoppered and shaken well. This slurry 
was filtered through a layer of cheesecloth (Grade 50) into a 50-ml 
polypropylene tube and was spun at 805 g for 5 min. The supernatant 
was discarded and the soil pellet was resuspended in distilled water by 
vortexing. After being cleaned 2-3 times by centrifugation and resus-
pending, the contents were transferred into 15-ml polypropylene tubes 
and centrifuged again. The supernatant was discarded and the tubes 
were filled with sucrose flotation solution. The tubes were topped with 
an extra drop of sucrose solution and overlaid with a cover slip. These 
tubes were centrifuged at 10,500 g for 5 min to facilitate the flotation 
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Although both conventional and real-time PCR could detect 
as few as 20 eggs from a spiked fecal sample, real-time PCR 
has certain advantages over conventional PCR. Biological sam-
ples like feces and soil contain PCR inhibitors such as bile salts, 
complex polysaccharides, and humic substances that could re-
duce the sensitivity of the assay. However, since real-time PCR 
utilizes a lower quantity of template DNA than conventional 
PCR, and reduction of the PCR template by half of the original 
quantity causes less than 1 unit change in the CT value (Ras-
mussen, 2001), sample DNA can be safely diluted with no sig-
nificant change in detection ability for diagnostic applications. 
Using centrifugal sugar flotation to recover eggs from feces and 
soil samples reduces the amount of extraneous particulate ma-
terials as well as the PCR inhibitors (Harmon et aI., 2007) that 
might otherwise be carried into the SDS-proteinase K digestion 
reaction. This flotation technique might also reduce the PCR 
inhibitors that would otherwise be extracted along with the tem-
plate DNA. With soil samples, the addition of Tween 80 was 
useful to help release the eggs that stick to each other or to the 
soil particles (Kazacos, 1983). Also, this technique facilitates 
concentration of B. procyonis eggs from the soil sample, mak-
ing DNA isolation and PCR assay more efficient. Under cir-
cumstances in which few eggs are present in the sample or the 
sample itself is small, B. procyonis eggs can be recovered by 
centrifugal flotation techniques and then allowed to embryonate 
before using them for DNA extraction. Baylisacaris procyonis 
eggs have been reported to reach complete embryonation in 11-
14 days when incubated at 22-25 C (Sakla et aI., 1989). 
In the duplex conventional PCR, the 18S rRNA gene ampli-
con used as internal control was amplified from genomic DNA 
of all of the ascarids'· (Ascaridida) used in this study, but not 
from the hookworm, An: caninum. These 18S primers are not 
universal primers; rather, they are custom designed to be com-
patible with B. procyonis cox2 PCR. Ancylostomacaninum be-
longs to the Strongylida, and multiple alignment of the 18S 
small subunit rRNA nucleotide sequences shows that the region 
where the 18SF primer anneals has sequence differences be-
tween the Strongylida and Ascaridida, which was the reason for 
the absence of amplification with An. caninum. The cox2 PCR 
assay successfully differentiated B. procyonis from the other 
ascarids, i.e., T. canis, T. cati, Tox. leonina, and A. suum, as 
well as from the hookworm An. caninum. Moreover, the assay 
differentiated between 2 Baylisascaris spp.: B. procyonis and 
B. transfuga. However, this PCR could not differentiate be-
tween B. procyonis and B. columnaris, the skunk roundworm, 
which is also pathogenic. It is well known that B. procyonis 
and B. columnaris are very closely related, having at one time 
been considered to be the same species (Kazacos, 2001). In 
disease outbreaks and clinical cases, epidemiological informa-
tion on carnivore exposure becomes very important in identi-
fying which of these parasites may be involved (Kazacos, 
2001). Perhaps PCR targeting other genomic regions may be 
able to differentiate these 2 parasites. The other Baylisascaris 
sp., B. melis of badgers, which can also cause larva migrans, 
was not studied in these PCR assays due to the unavailability 
of the parasite. However, both the habitat of and exposure to 
badgers are quite different from those of raccoons and skunks. 
Thus, at the present time, knowledge about the habitat and dis-
tribution of these animal hosts, as well as a history of human 
or animal exposure, would be important in helping to ascertain 
which species may be involved. 
Current genetic information about B. procyonis and other 
Baylisascaris spp. (B. trans fuga, B. columnaris, B. melis) is 
very limited and, therefore, development of PCR assays to dif-
ferentiate between these parasites is challenging. However, ep-
idemiological information about host distribution, activity, ex-
posure, defecation patterns, fecal sample characteristics, and 
differences in the pathology caused by the larvae of these re-
spective Baylisascaris spp. should be considered in deciding 
which species of Baylisascaris may be responsible for larva 
migrans in a given case or area. In clinical cases of Baylisas-
caris NLM and OLM, the vast majority (98-99%) have been 
linked to B. procyon is from raccoons (Kazacos, 2001), which 
is not only the most pathogenic member of the group, but also 
the one with the greatest degree of human and animal exposure. 
Although epidemiological information, histopathology, copro-
diagnosis, serology, and PCR are all complementary to each 
other for detection and identification of Baylisascaris, the PCR 
assay can be used for rapid confirmation of the presence of B. 
procyonis eggs or larvae. 
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SEROPREVALENCE OF TOXOPLASMA GONOII AND BARTONELLA SPP. ANTIBODIES IN 
CATS FROM PENNSYLVANIA 
J. P. Dubey, C. R. Bhatia*, M. R. Lappint, L. R. Ferreira, A. Thorn, and O. C. H. Kwok 
United States Department of Agriculture, Agricultural Research Service, Animal and Natural Resources Institute, Animal Parasitic Diseases 
Laboratory, Building 1001, Beltsville, Maryland 20705-2350. e-mail: jitender.dubey@ars.usda.gov 
ABSTRACT: Toxoplasma gondii and Bartonella spp. are zoonotic pathogens of cats. In the present study, the prevalence of 
antibodies to T. gondii and Bartonella spp. were detennined in sera from 210 domestic cats from Bensalem, Pennsylvania. Using 
a modified agglutination test, antibodies to T. gondii were found in 41 (19.5%) of the 210 cats with titers of 1:25 in 4, 1:50 in 
9, 1:100 in 7, 1:200 in 3, 1:400 in 3, 1:800 in 5, 1:1,600 in 4, and 1:3,200 or higher in 6. For T. gondii, seroprevalence increased 
with age of the cat: 15 of 113 (13.2 %) were seropositive compared with 26 of 97 (26.7%) older than 11 mo. Of these 210 cats, 
54 (25.7%) were positive for Bartonella spp. antibodies, with titers of 1:64 in 20, 1:128 in 21, 1:256 in 9, and 1:512 in 4. 
Seventeen cats had antibodies to both organisms. There was no correlation between T. gondii and Bartonella spp. seropositivity. 
Overall the seroprevalence of T. gondii antibodies in cats in this population is much lower compared with those reported in other 
localities in the United States and other countries. 
Cats are essential in the life cycle of Toxoplasma gondii be-
cause they are the only hosts that can excrete the environmen-
tally resistant oocysts in nature (Dubey and Beattie, 1988). 
Prevalence of T. gondii antibodies varies with age, life style of 
the cat (stray versus domestic), the serologic test, and the 
screening dilution. There has been no nationwide survey of the 
prevalence of T. gondii in cats in the United States, but avail-
able data are summarized by Conrad et aI. (2005). In the largest 
survey using convenience samples from sick cats submitted for 
diagnosis to a clinical laboratory, antibodies to T. gondii were 
found in 31 % of 12,628 cats (Vollaire et aI., 2005). Based on 
a cut-off titer of 1:25 in a modified agglutination test (MAT), 
the prevalence of T. gondii was higher in feral than pet, or 
owned, cats in the United States (reviewed in Dubey and Jones, 
2008). The seroprevalence in stray cats was 41.9-100% versus 
34 and 36% in owned cats (Dubey et aI., 1986; Smith et al., 
1992; Dubey, Weigel et al., 1995; Hill et aI., 1998; DeFeo et 
aI., 2002; Dubey et aI., 2002; Nutter et al., 2004). DeFeo et al. 
(2002) found MAT antibodies in 50% of 84 cats from a shelter 
and 36% of 116 owned cats in Rhode Island. Based on an 
indirect fluorescent antibody test and an enzyme-linked immu-
noabsorbent assay, Dabritz et al. (2007) reported an age-ad-
justed T. gondii seroprevalence of 29.6% in 123 cats from the 
Morrow Bay area with no differences between owned and stray 
cats. 
Bartonella spp. are bacterial zoonotic pathogens that can 
cause cat scratch disease, endocarditis, and several· other syn-
dromes in humans. Cats are the definitive host for several Bar-
tonella spp. in the United States, with Bartonella henselae and 
Bartonella clarridgeaie as the most common (Brunt et aI, 2006; 
Lappin et aI., 2006). Both organisms are transmitted by the 
common cat flea (Ctenocephalides felis). Under certain situa-
tions, bartonellosis can be immunosuppressive, and it has been 
hypothesized that there may be an association between T. gon-
dii and Bartonella spp. infection (Childs et al., 1994; Maruyama 
et aI., 1998, 2003; Luria et al., 2004; Nutter et al., 2004). In 
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the present study we report the seroprevalences of T. gondii 
and Bartonella spp. in stray cats from Bensalem, Pennsylvania. 
MATERIALS AND METHODS 
Naturally exposed cats 
All 210 unwanted stray cats killed from January to July 2008 at a 
humane center in Bensalem, Pennsylvania, were part of this survey. 
The cats caught by the society were held individually or in groups for 
6 days. Unclaimed cats were killed humanely by an intravenous over-
dose of pentobarbital (Fatal Plus, Bortech, Dearborn, Michigan). Gen-
eral data, including age, breed, and gender, were recorded; there were 
109 males and 101 females with ages of 3 wk to 8 yr; 205 were do-
mestic short hair, 2 Persian, 2 Siamese, and 1 Himalayan. 
A blood sample was obtained from the heart of the dead cat. Sera 
were separated and stored at -20 C until tested for T gondii antibodies. 
Serological examination 
Toxoplasma gondii: Sera were tested at the Animal Parasitic Diseases 
Laboratory, U.S. Department of Agriculture Beltsville, Maryland. Two-
fold serial dilutions were made (1 :25 to 1 :3,200) and tested with a MAT, 
as described previously (Dubey and Desmonts, 1987). Whole, formalin-
fixed tachyzoites and mercaptoethanol were used as antigen, and a titer 
of 1:25 or higher considered indicative of T. gondii exposure based on 
experimental studies in cats (Dubey and Thulliez, 1989; Dubey et al., 
1995a, 1995b). All sera were tested in 2 runs. In the first, sera were 
screened at 1:25 dilution. In the second, sera were diluted 1:25 to 
1:3,200. 
Bartonella spp: An aliquot of each serum sample was shipped by 
overnight express to the Center for Companion Animals Studies at Col-
orado State University, Fort Collins, Colorado. The sera were assayed 
in a Bartonella spp. ELISA that uses B. henselae as the antigen source. 
This assay detects antibodies against both B. henselae and B. clarrid-
geaie; the lowest positive titer is defined as 1 :64 (Lappin et aI., 2009). 
RESULTS 
Antibodies to T. gondii werc~ found in 41 (19.5%) of the 210 
cats with titers of 1:25 in 4, 1:50 in 9, 1:100 in 7, 1:200 in 3, 
1:400 in 3, 1:800 in 5, 1:1,600 in 4, and 1:3,200 or higher in 
6. Seroprevalence increased with age (Table I). Seroprevalence 
was higher in females (25.7%, 26 of 101) than in males (13.7%, 
15 of 109). 
Antibodies to Bartonella spp. were found in 54 (25.7%) of 
the 210 cats with titers of 1:64 in 20, 1:128 in 21, 1:256 in 9, 
and 1:512 in 4. Seropositivity occurred in both young and old 
cats with highest prevalence in 2-yr-olds (Table II). 
Antibodies to T. gondii and Bartonella spp. were found to-
TABLE I. Seroprevalence of T. gondii antibodies in stray cats from Ben-
salem. Pennsylvania. 
No. of 
Age cats No. positive (titer) % positive 
3-4 wk 6 0 0 
5-9 wk 65 9 (25 in 1,50 in 3, 800 in 1, 3,200 in 4) 13.8 
10 wk 12 3 (25 in 2, 3,200 in 1) 25 
4-11 mo 30 3 (50 in 1, 100 in 1,400 in 1) 10 
1 yr 48 11 (25 in 1, 50 in 2, 100 in 3, 200 in 1, 22.9 
800 in 2, 1,600 in 1, 3,200 in 1) 
2 yr 22 4 (l00 in 2, 200 in 1, 1,600 in 1) 18.1 
3 yr 10 5 (50 in I, 200 in 1, 400 in 1, 800 in 1, 50 
1,600 in 1) 
4-8 yr 17 6 (50 in 2, 100 in 1, 400 in 1, 800 in 1, 35.2 
1,600 in 1) 
gether in 17 cats (Table III). All 17 cats were adults and had a 
range of titers for both organisms. 
DISCUSSION 
Cats older than 11 mo had a markedly higher frequency of 
T. gondii infection than younger cats. Higher seroprevalence in 
adult cats versus kittens, observed in the present study, supports 
earlier findings (Dubey, 1973; Ruiz and Frenkel, 1980b; Pena 
et aI., 2006) and relates to the life cycle of T. gondii in cats. 
Thus, most cats are thought to become infected with T. gondii 
after weaning when they begin to hunt for food. None of the 
6, 3-4-wk-old cats was seropositive. Twelve of the 77, 5-9-
wk-old kittens that were seropositive had low (1:25 or 1:50) 
titers. It is likely that these kittens had passively transferred 
maternal antibodies. Little or no antibody is transferred trans-
placentally in cats, and antibodies transferred from colostrum 
disappear in cats by 10-12 wk of age (Dubey, 1973; Ornata et 
aI., 1994; Dubey et aI., 1995a, 1995b). It is worth noting that 
5, 9-1O-wk-old cats had high (1:3,200 MAT) titers, indicating 
actively acquired T. gondii infection. 
The 20% prevalence of T. gondii antibodies in cats in Ben-
salem, Pennsylvania, in the present study is the lowest among 
all other surveys from North and South America, the West In-
dies, and 1 study from Europe using a cut-off MAT titer of 
1:20 (reviewed in A1verdo-Esquivol et aI., 2007). One reason 
for the Jow prevalence is the age of cats surveyed: 33 of 122 
cats were younger than 10 wk. The prevalence of T. gondii in 
TABLE II. Seroprevalence of Bartonella spp. antibodies in stray cats 
from Bensalem, Pennsylvania. 
No. of 
Age cats No. positive (titers) % positive 
3-4 wk 6 0 0 
5-9 wk 65 5 (64 in 2, 128 in 3) 7.6 
10 wk 12 1 (128) 8.3 
4-11 mo 30 9 (64 in 2, 128 in 4, 256 in 2,512 in 1) 30 
1 yr 48 19 (64 in 5,128 in 8, 256 in 4,512 in 2) 39.5 
2 yr 22 11 (64 in 7, 128 in 2, 256 in 1,512 in 1) 50 
3 yr 10 3 (64 in 1, 128 in 1,256 in 1) 30 
4-8 yr 17 6 (64 in 3, 128 in 2, 256 in 1) 35.2 
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TABLE ~II. Cats with dual infection with T. gondii and Bartonella spp. 
antibodies. 
Cat no. Sex* Age MAT titer Bartonella titer 
F 2 yr 200 64 
2 M 4 yr 50 64 
9 F Ph yr 100 512 
13 M 7 yr 800 256 
36 F 1 yr 800 256 
49 F 3 yr 800 64 
54 F 1 yr 1,600 128 
55 F 1 yr >3,200 512 
56 F 10 mo 100 256 
62 F 2 yr 1,600 256 
70 F 1 yr 25 128 
76 F 2 yr 100 64 
90 F 4-5 yr 50 64 
118 F 1 ';2-2 yr 100 64 
27 M 1 yr 100 128 
69 M 3 yr 1,600 128 
70 F 6 mo 400 64 
* M = male, F = female. 
cats is a reflection of prevalence of T. gondii in animals that 
cats access for food. For example, Ruiz and Frenkel (1980a, 
1980b) found a very high prevalence of T. gondii in cats and 
rodents and free-range chickens from Costa Rica. Nothing is 
known of the prevalence of T. gondii in rodents and other small 
mammals from Pennsylvania. For epidemiologic studies, sero-
logic surveys in cats are more useful than the detection of 00-
cysts because at any given time only 1 % of cats shed oocysts 
in their feces (Dubey, 2004). In the present study, 21 % of cats 
were seropositive for T. gondii, and it is likely they already 
shed oocysts and contaminated the environment in the process. 
The prevalences for Bartonella spp. and T. gondii in cats 
vary greatly, depending on the study. In a comparative inves-
tigation (Nutter et aI., 2004) of stray and pet cats in North 
Carolina, seroprevalenses of both T. gondii (63% of 100) and 
B. henselae (93% of 100) were higher in strays than pet cats 
(T. gondii 34% of 76 and B. henselae 75 of 76%). In another 
population of 553 cats in northern Florida, T. gondii antibodies 
were detected in 8.9% and B. henselae in 33.6%. Seropositivity 
T. gondii was significantly associated with higher B. henselae 
infection and vice versa (Childs et aI., 1994). The cats surveyed 
in the present study were probably unwanted pets and thus had 
a lower exposure to both organisms. In a study of 471 pet cats 
in Japan, Maruyama et aI. (1998) reported B. henselae antibod-
ies in 9.1% and T. gondii in 8.7%. 
In the present study, all cats seropositive to both organisms 
were adults, probably related to chance of exposure with age. 
There was no indication of any correlation between Bartonella 
spp. and T. gondii infections. 
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CD4+ T-CELL-DEPENDENT GOBLET CELL PROLIFERATION AND EXPULSION OF 
GYMNOPHALLOIDES SEOI FROM THE INTESTINE OF C57BU6 MICE 
Sang-Mee Guk, Jun-Haeng Lee*, Hyo-Jin Kimt, Won-Hee Kimt, Eun-Hee Shint:j:, and Jong-Yil Chait§ 
Department of Parasitology. Korea University College of Medicine, Seoul 136-705, Korea. e-mail: cjy@snu.ac.kr 
ABSTRACT: Mechanisms for the spontaneous worm expulsion from the host intestine are not well understood in gastrointestinal 
trematode models. We studied the role of CD4+ T-helper cells in mediating goblet cell hyperplasia and expulsion of Gymno-
phalloides seoi from the intestines of C57BU6 (resistant) and ICR (susceptible) mice. C57BU6 mice expelled all G. seoi worms 
within 4 days post-infection (PI), while ICR mice did not completely expel worms until day 7 PI. This difference in worm 
expulsion was associated with high numbers of mucosal goblet cells in C57BU6 mice along with alteration of the mucin quality, 
with changes in the terminal sugar chain and high levels of IL-4 and IL-5 mRNA expression in mesenteric lymph nodes. Adoptive 
transfer of mucosal CD4+ T-helper cells to syngeneic mice elicited strong goblet cell hyperplasia and a notably accelerated worm 
expUlsion. However, this T-helper cell transfer had no relationship with the alteration of mucin quality. The results showed that 
CD4+ T-helper cells play an important role as a mediator of goblet cell hyperplasia, but not for functional activation of goblet 
cells. It is suggested that both T-cell dependent and independent mechanisms operate for expUlsion of G. seoi from the mouse 
intestine. 
Many gastrointestinal helminths, including nematodes, trem-
atodes, and cestodes, are spontaneously expelled from the host 
within a few days to a week after a primary infection. Com-
monly studied nematode and cestode models include Trichi-
nella spiralis, Nippostrongylus brasiliensis, Heligmosomoides 
polygyrus, Strongyloides spp., Trichuris suis, and Hymenolepis 
diminuta (Ishikawa et al., 1997; Dehlawi et al., 2006; Kringel 
et aI., 2006; Webb et al., 2007). Trematode study models in-
clude Echinostoma trivolvis, E. caproni, E. hortense, Neodi-
plostomun seoulense, Metagonimus yokogawai, and Gymno-
phalloides seoi. These trematodes were found to be spontane-
ously expelled from rodent intestines after days 3-21 post-in-
fection (PI) (Fujino et al., 1996; Chai et aI., 1998; Seo et al., 
2003; Guk et al., 2005; Cho et al., 2007). 
T-helper-2 (Th2)-type host immune responses are important 
in worm expulsion in nematode models, and major effector 
cells in this paradigm include mucosal mast cells and goblet 
cells (GCs) (Kawai et aI., 2007; Humphreys et al., 2008). The 
relative importance of mast cells and GCs varies by different 
species of worms. For example, GCs are important in the ex-
pulsion of N. brasiliensis, whereas mast cells are crucial in the 
expulsion of Strongyloides ratti (Else and Finkelman, 1998; 
Onah and Nawa, 2000). Both GCs and mast cells are involved 
in the expulsion of T. spiralis and H. polygyrus (Else and Fin-
kelman, 1998). In trematode and cestode models such as E. 
caproni, E. trivolvis, G. seoi, and H. diminuta, worm expulsion 
is based on GCs alone as the most important effector cell pop-
ulation (Fujino et aI., 1996; Seo et aI., 2003; Toledo et al., 2006; 
Webb et aI., 2007). 
T-cell dependent quantitative changes in GCs and qualitative 
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changes in the terminal sugar of mucins secreted from GCs 
have been suggested to significantly influence worm expulsion 
of N. brasiliensis from infected rodents (Ishikawa et al., 1993; 
Onah and Nawa, 2000). However, T-cell independent GC hy-
perplasia and mucin production were also shown in athymic 
rats infected with N. brasiliensis (Kawai et al., 2007). There-
fore, the mechanisms of GC hyperplasia and mucin production 
in response to nematode infections appear to be complex. The 
role of T-cells on GC hyperplasia and mucin production in 
trematode infections is poorly known. 
In the Republic of Korea, G. seoi (Digenea: Gymnophallidae) 
is a human intestinal trematode transmitted by oysters (Lee and 
Chai, 2001; Chai et aI., 2003; Shin et al., 2008). It is expelled 
from the intestines of experimentally infected mice within 
3-14 days PI (Lee and Chai, 2001; Seo et al., 2003). 
C57BLl6 mice exhibit resistance to infection, and worms are 
expelled within 3 days. Conversely, ICR and C3H1HeN mice 
are susceptible to infection, and worms stay for a longer period 
of time (Lee et al., 1997). The expulsion of G. seoi was shown 
to be related to strong GC hyperplasia and delayed worm ex-
pulsion, together with suppressed GC hyperplasia, as was ob-
served in immunosuppressed C57BLl6 mice (Seo et al., 2003). 
We examined the importance of mucosal CD4+ T-cells in 
the regulation of GC hyperplasia, in the alteration of terminal 
sugar residue on GC mucins, and in worm expUlsion of G. seoi 
from mice. We used resistant (C57BLl6) and susceptible (lCR) 
mouse strains to evaluate the dynamics of infection. In addition, 
we observed the effects of an adoptive transfer of mucosal 
CD4+ T-cells and the associated roles of Th2 cytokines such 
as IL-4 and IL-5 on GC hyperplasia, GC activation, and worm 
expUlsion in recipient mice. 
MATERIALS AND METHODS 
Animals and experimental infection with metacercariae 
Specific pathogen-free C57BU6 (resistant) and ICR (susceptible) 
mice were purchased from an animal center (Samtako, Osan, Republic 
of Korea). Donor mice were used for CD4+ T-cells and each mouse 
strain consisted of 10-15 males per group; mice were 4-wk-old and 20-
25 g in body weight. Each strain had 5 recipient male mice per group. 
Mice were supplied with food and water sterilized by irradiation and 
autoclaving. At predetermined days, mice were killed by cervical dis-
location. Animal experiments were carried out in accordance with the 
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guidelines of Institutional Animal Care and User Committee, Seoul Na-
tional University College of Medicine, Seoul, Korea. 
Naturally infected oysters, Crassostrea gigas, were collected from 
Shinan-gun, leollanam-do, which is an area endemic for gymnophal-
loidiasis in the Republic of Korea (Lee et aI., 1994). The oyster shells 
were removed and the animal parts were digested in artificial digestive 
juice (0.5% pepsin 1: 1 0,000 in 0.6% HCI solution; Sigma, St. Louis, 
Missouri) at 37 C for 3 min. The digested material contained free meta-
cercariae and was washed several times with normal physiological sa-
line. Metacercariae were collected using a stereomicroscope (SZ 3060, 
Olympus, Tokyo, Japan) after repeated sedimentation and washing. Two 
hundred metacercariae were administered orally per mouse. 
Adoptive transfer of mucosal CD4+ T-cells 
Mesenteric lymph nodes (MLNs) were obtained on days 0, 2, and 7 
PI. The MLNs were trimmed of fat and cut into small pieces with 
scissors. Single-cell MLN suspensions were made by pressing pieces 
through a stainless steel mesh into RPMl 1640 media (Gibco BRL, 
Grand Island, New York), supplemented with 10% fetal bovine serum 
(FBS, Gibco BRL), and filtered through a nylon membrane to exclude 
dead cells and debris. The cell suspension was washed 3 times with 
10% FBSIRPMI-1640. 
The MLN cells were separated into CD4+ and CD4- populations 
prior to intravenous transfer into recipient mice. The separation was 
performed using anti-mouse CD4 antibody bound to magnetic beads 
and a magnetic cell-sorting system (MACS) (Miltenyl Biotech, Ber-
gisch, Gladbach, Germany) according to the manufacturer's instructions. 
Isolated cells were stained with anti-mouse CD4 phycoerythrin (lgG2b, 
PharMingen, San Diego, California) and assayed with a fluorescence-
activated cell sorter (FACScan) (Becton Dickinson, Sparks, Maryland) 
to confirm the purity. The proportion (by percentage) of cells expressing 
certain molecules was confirmed as being more than 93% at each time. 
CD4+ T-cells or CD4- T-cells were resuspended at a concentration 
of 106 cells/lOO fLl. Syngeneic recipient C57BLl6 and ICR mice were 
injected intravenously with 106 cells per mouse at 24 hr prior to oral 
challenge with 200 G. seoi metacercariae. The recipient mice were 
killed on day 1, 2, or 3 PI (C57BLl6) or on day 2, 4, or 7 PI (lCR). 
Timing of host death was .based on active periods of worm expulsion 
from mice infected with G. seoi. Experimental groups were divided into 
normal infected mice, recipient mice adoptively transferred with CD4+ 
T-cells purified from uninfected donor mice (Rnm) , or-from infected 
donor mice on days 2 (Rd2d) and 7 (Rd7d) PI. 
Worm recovery 
Mice in each group were killed by cervical dislocation, and larval 
and adult flukes were recovered using the Baermann's apparatus (Bea-
ver et aI., 1984). The flukes were collected from the bottom of the tube 
equipped in the apparatus. Intestinal segments were returned to Petri 
dishes to search for residual flukes under stereomicroscopy. 
Histology 
The middle portion of the jejunum was fixed in Carnoy's fixative for 
4-6 hr for the detection of intestinal GCs. Fixed tissues were embedded 
in paraffin and sectioned at a 4-fLm thickness. Intestinal tissue samples 
were stained with periodic acid Schiff (PAS) solution and GCs were 
counted per 10 villus-crypt unit (VCU). Lectin histochemistry was per-
formed in order to detect altered GC mucins using Helix pomatia ag-
glutinin (HPA), which specifically recognizes the terminal GalNAc res-
idues on the altered GC mucins (Ishikawa, 1994; Ishikawa et aI., 1994). 
The procedure described by Ishikawa et al. (1994) was followed. The 
values were expressed as the number of HPA-positive cells per 10 VCU. 
Measurement of intestinal mucin 
The procedure described by Khan et al. (1995) was followed for the 
measurement of intestinal mucin. The upper half of the small intestine 
was removed and divided into 2 pieces, and each piece was washed 
carefully with 10 ml of 1 % sodium dodecyl sulfate (SDS) (Sigma). The 
solution containing mucus was sonicated for 1 min by an ultrasonicater 
(American Instrument Exchange, Farmingdale, New York), with maxi-
mum output, and then centrifuged at 500 g for 30 min at 4 C. The 
supernatant was collected and frozen until used. The amount of mucus 
was measured as the concentration (mg/ml) of saccharides using the 
phenol-sulphuric acid method (Dubois et aI., 1956). Briefly, 1 ml of 
supernatant was mixed with 1 ml of 5% phenol, and 5 ml of sulphuric 
acid was added to the mix. The mixture was kept at room temperature 
for 30 min and its absorbance was measured at 480 nm. 
Semi-quantitative reverse transcriptase AT-PC A for cytokine 
mANA 
The MLN s from infected or uninfected control mice were removed 
and suspended in 0.5 ml TRIzol reagent (Gibco BRL). Total RNA was 
isolated following a protocol based on the single-step acid guanidinium 
thiocyanate-phenol-chloroform RNA isolation method. Reverse tran-
scription for the first strand DNA was performed using the Super-
Script@> First-strand Synthesis system for RT-PCR (Gibco BRL) ac-
cording to the manufacturer's instructions. The primer sequences for all 
genes were taken from previous reports (Svetic et aI., 1991; Wynn et 
aI., 1993). Hypoxanthin-guanine phosphoribosyl transferase (HPRT), a 
primer for housekeeping genes, was used to amplify the cDNA, which 
was reverse-transcribed from the total RNA to verify amounts of RNA 
content in each PCR reaction. 
A ready-to-use PCR reaction mixture (Bioneer, Daejon, Republic of 
Korea) was used, and 1 fLl of cDNA and 10 pmol of each primer set 
were added to reaction tubes. Distilled water was added to make a final 
volume of 20 fLl. After an initial incubation at 95 C for 3 min, temper-
ature cycling was initiated as follows: 94 C for 1 min, 54-63 C for 1 
min, 72 C for 2 min, and final extension at 72 C for 7 min. Positive 
and negative controls were included in each assay to confirm that only 
cDNA PCR products were detected and that no reagents were contam-
inated with cDNA or previous PCR products. We selected target cyto-
kines primarily associated with the acute inflammatory response or as-
sociated with T-cell activation and proliferation. The number of PCR 
cycles selected for each cytokine has been reported as follows (Svetic 
et aI., 1991; Wynn et aI., 1993): IL-la (27 cycles), IL-l [3 (27 cycles), 
IL-2 (35 cycles), IL-4 (33 cycles), IL-5 (32 cycles), IL-13 (33 cycles), 
IFN-'1 (29 cycles), TNF-a (32 cycles), and HPRT (23 cycles). 
Amplified PCR products were electrophoresed in a 2% agarose gel 
stained with ethidium bromide and photographed under ultraviolet light. 
The band density on photographs was analyzed with the densitometrical 
analysis program, TINA (Ray test, Straubenhardt, Germany). The optical 
densities of bands were normalized by compensation with the amplified 
product of HPRT, and the quantity of naive mRNA was deduced. The 
densitometer unit of each cytokine was expressed as the mean cytokine/ 
HPRT ratio for 2 PCR samples analyzed individually at each time point. 
Finally, graphic results were presented as the ratio of infected mice over 
the uninfected controls. 
Statistical analysis 
Data were compared by I-way analysis of variance and Student's 
t-tests. A P-value of <0.05 was considered statistically significant. 
RESULTS 
Higher resistance of C57BU6 mice to G. seo; infection 
than by ICR mice 
The susceptibility of both mouse strains to C. seoi infection 
was compared. C57BL/6 mice were more resistant to the infec-
tion than were ICR mice, and the worm recovery rate (WRR) 
from C57BLl6 mice was significantly lower (P < 0.05) at days 
3-7 PI (Fig. 1). ICR mice revealed a slower reduction of worm 
burdens until day 7 PI, and worms were recovered even after 
day 10 PI. In contrast, C57BLl6 mice showed faster and greater 
reduction of the worm burden from day 2 PI and, eventually, 
no worms were recovered at days 4-7 PI. Therefore, we des-
ignated ICR mice as slow responders (susceptible strain) and 
C57BLl6 mice as fast responders (resistant strain). The GC 
numbers per 10 VCU increased significantly in infected mice 
(P < 0.05) compared with uninfected control mice (day a PI), 
and this response was closely correlated with worm expUlsion 
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mice retained most worms until day 8-13 PI (Seo et al., 2003). 
The degree of GC hyperplasia varied significantly by individual 
mouse strains, and involvement of GCs in the worm expulsion 
was suggested (Seo et aI., 2003). Our study suggests that GCs 
are involved in worm rejection of G. seoi from mouse intes-
tines. GC proliferation appeared to be CD4+ T-cell dependent, 
but GC activation in terms of alteration of GC mucins was 
CD4+ T-cell independent. 
Th2 immune responses by MLN cells on day 8 PI with T. 
spiralis were reported in studies investigating the relationship 
between cytokine quantity in vitro and parasite expulsion 
(Grencis et al., 1991; Ishikawa et aI., 1997). Ishikawa et aI. 
(1997) compared the effects of MLN cell transfer on GC num-
bers in recipient mice. In T. spiralis infection, a transfer of 
MLN cells obtained from syngeneic mice on day 8 PI signifi-
cantly enhanced GC hyperplasia in recipient mice, and it was 
suggested that small intestinal GC hyperplasia in T. spiralis-
infected animals is regulated by Th2 cells (Ishikawa et al., 
1997). 
We performed cell-transfer experiments in the present study 
using different strains of mice. Transfer of MLN-CD4+ 
T-cells obtained on day 2 PI with G. seoi had significant effects 
on GC responses in the resistant recipient mice (C57BLl6). By 
contrast, the transfer of MLN-CD4+ T-cells obtained on day 7 
PI had significant effects on GC responses in the susceptible 
recipient mice (lCR). There was a difference in the kinetics of 
GC responses in association with parasite expulsion between 
the 2 mouse strains. GC hyperplasia in our studies was typically 
related to a decrease in the number of worms in the small in-
testine. Previous studies have shown that host animals became 
resistant to reinfection with T. spiralis after worm expulsion 
(Wakelin and Wilson~ 1979). This immunity could be trans-
ferred by T-helper cells, and available data indicate that Th2 
cells engage in this transfer (Grencis et aI., 1985)., 
Previous studies using lectin histochemistry suggested that 
the alteration of terminal sugars of GC mucins was closely as-
sociated with expUlsion of nematodes (Ishikawa et al., 1993, 
1994; Ishikawa, 1994; Khan et al., 1995). Alteration of terminal 
sugars of GC mucins is indicative of functional activation of 
GCs (Ishikawa et al., 1993, 1994; Ishikawa, 1994). Changes of 
GCs during N. brasiliensis expulsion can be divided into a 
T-cell-dependent proliferation and a T-cell-independent alter-
ation of terminal sugars of mucins, and these qualitative chang-
es seem to be more critical for worm expulsion (Nawa et aI., 
1994). Alteration of terminal sugars of mucins was significantly 
increased in all infected mice in our study. This response was 
also significantly greater in the Rd2d C57BLl6 mice than in con-
trol mice, but no significant increases were shown in other re-
cipient mice. Alteration of terminal sugars of mucins is impor-
tant in worm expulsion of G. seoi, and this response could be 
induced by a T-cell-independent process. 
Our study also revealed that the mucin amount in the small 
intestine was increased by G. seoi infection. In particular, sac-
charide amounts increased in connection with GC hyperplasia 
in C57BLl6 mice. The kinetics of intestinal saccharide amounts 
were well correlated with GC hyperplasia in the small intestine 
of mice in previous studies (Khan et al., 2001). Therefore, the 
majority of the increased intestinal saccharides were probably 
of mucin origin. Further, adoptive transfer with CD4+ T-cells 
selected from infected donor mice increased the amount of sac-
charides in intestines from NI mice (data not shown). It is, 
therefore, likely that CD4+ T-cell transfer can increase the re-
lease of mucins from GCs. 
GCs are exocrine cells of the intestinal epithelium and are 
specialized in mucin exocytosis. After secretion, mucin hy-
drates to form a viscous gel that forms a major barrier between 
the intestinal contents and underlying mucosa (Khan et al., 
2001). Mucus trapping was considered as a non-specific defense 
mechanism of the host in the past, but studies have indicated 
that the protective role of GC mucins in worm expUlsion is 
rather selective (Khan et al., 2001). GC hyperplasia and alter-
ation of terminal sugar residues of GC mucins may be related 
to selective binding of mucus to the surface of parasite species. 
Studies are required to elucidate the precise role of altered mu-
cins on G. seoi expulsion in C57BLl6 mice. 
It was recently reported that Th2 cytokines may regulate 
GC hyperplasia and protective immunity in the gut during T. 
spiralis infection via the Stat6 (signal transducer and acti-
vator of transcription factor 6) signaling pathway (Urban et 
aI., 2000; Khan and Collins, 2004). The interaction between 
each cytokine and its receptor leads to activation of signaling 
molecules including Stat proteins; and Stat6, which is essen-
tial for Th2 immunity development, is activated by both IL-
4 and IL-13 (Nelms et aI., 1999). A critical role for Stat6 has 
been reported in allergen-induced airway hyper-responsive-
ness and mucus production (Kuperman et aI., 1998). Stat4 is 
activated by IL-12 and is important in Th1-type responses 
(Kuperman et aI., 1998). 
Cytokine mRNA expression was examined in our study to 
understand T-cell-derived molecules and their correlation with 
GC responses and expUlsion of G. seoi. The expression levels 
of cytokines in the resistant C57BLl6 mice were higher than 
those in the susceptible ICR mice. The expressions of IL-4 
and IL-5 were meaningfully increased at the early stages of 
infection. These cytokines appear to be associated with GC hy-
perplasia and the expUlsion of G. seoi. Infection with T. spiralis 
revealed that IL-5 did not act as a Th2-derived factor, and GC 
hyperplasia was not induced directly in response to a factor 
produced by Th2 cells, but by secretory products induced by 
this factor in other cells (Ishikawa et al., 1997). This should be 
studied in G. seoi infection in C57BLl6 mice. It is further sug-
gested that a Stat signaling pathway, by stimulation or activa-
tion of IL-4 and IL-5, may be involved in the GC hyperplasia 
and worm expUlsion in mice infected with G. seoi. 
In summary, C57BLl6 mice can expel G. seoi worms more 
quickly than ICR mice. The GC hyperplasia in the small intes-
tine of G. seoi-infected mice was regulated by CD4+ T-cells, 
although the alteration of the terminal sugar chain of mucins is 
probably induced by a non-CD4+ T-cell-dependent process. 
Adoptive transfer of mucosal CD4+ cells, but not CD4- cells, 
was effective in regulating GC responses and facilitated worm 
expUlsion from the 2 strains of mice. Qualitative changes in the 
GC mucins were more important than quantitative increases in 
GCs for worm expulsion. The mRNA expression of Th2 cyto-
kines, particularly IL-4 and IL-5, was positively correlated with 
worm expUlsion during the early stage of infection. 
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A NOVEL TAENIA SOLIUM PROTEIN THAT RESEMBLES TROPONIN T PROTEINS 
Holger Mayta, Kathy Hancock*, Robert H. Gilmant, Roxana Zamudio, Janeth P. Castillo, Min Z. Levine*, 
Hector H. Garcia:j:, Armando E. Gonzalez§, Victor C. W. Tsang*, and The Cysticercosis Working Group in Peru 
Departamento de Microbiologia. Facultad de Ciencias y Filosofia, Universidad Peruana Cayetano Heredia, Av. Honorio Delgado 430, San 
Martin de Porres, Lima 31, Peru. e-mail: Rgilman@jhsph.edu 
ABSTRACT: Taenia solium Linnaeus, 1758 is responsible for taeniasis and cysticercosis, which are 2 serious health problems, 
particularly in developing countries. The attempt to identify a 22,5kD possible protective oncospheral antigen by 2-dimensional 
gel-electrophoresis, micro-sequencing, and cDNA library screening produced a protein of 42kD that possesses a conserved domain 
similar to that of troponin T. Five variants that showed differences at the 5' end were observed at the cDNA level. Hyper-immune 
rabbit sera developed against recombinant GST fused protein identified the protein exclusively on activated oncospheres. The 
42kD protein was tested in an enzyme-linked immunoassay (ELISA) alone and then together with the Ts031 protein for the 
diagnosis of human cysticercosis. When both antigens were combined, the test was found to be 85% sensitive and 65% specific. 
The 42kD is a novel T. solium protein that is present exclusively on activated oncospheres of this parasite, with poor diagnostic 
activity against taeniasis or human cysticercosis. 
The tapeworm T. solium Linnaeus, 1758, causes 2 diseases 
in humans, i.e., taeniasis, an intestinal infection by the adult 
stage, and cysticercosis, an infection of soft tissues by the in-
termediate stage, or cysticerci. Taeniasis occurs through the in-
gestion of cysticerci present in raw or undercooked infected 
pork. Once a cysticercus reaches the small intestine, it evagi-
nates and develops into an adult tapeworm (Flisser, 1994). The 
adult tapeworm then releases prog10ttids filled with eggs that 
are passed in stools. Ingestion of these eggs by pigs or humans 
results in the development of cysticerci in soft tissues. In hu-
mans, the cysts commonly localize in the central nervous sys-
tem, causing a clinical disorder known as neurocysticercosis 
(NCC) (Garcia, Gonzalez, Evans et aI., 2003; Garcia and Del 
Brutto, 2005; Garcia et aI., 2005). NCC is the major cause of 
seizures and epilepsy in the developing world, especially in 
countries where do;Uestic pig husbandry is common (Medina 
et aI., 1990; White et aI., 1997; Carrique-Mas, 2001; Garcia, 
Gonzales, Gavidia et aI., 2003). In these countries, T. solium 
cysticercosis is associated with 30% of late-onset seizures cases 
(Garcia et aI., 1993) and with over 10% of acute care admis-
sions to neurological wards (Garcia et aI., 1993; Palacio et aI., 
1998; Bern et aI., 1999). In developed countries, travel and 
immigration have increased the number of human cysticercosis 
cases (Garcia, Gonzalez, Gilman et aI., 2003; Garcia and Del 
Brutto, 2005; Willingham and Engels, 2006). 
Improvements in the health system, sanitation, and pig farm-
ing have formed the basis of control and eradication strategies 
of taeniasis and cysticercosis in industrialized countries (Gil-
man et aI., 1999; Schantz, 1999). However, these strategies are 
difficult to implement in developing countries. Alternative con-
trol strategies, including mass chemotherapy of pigs, humans, 
or both, have been attempted, but with poor success (Garcia et 
aI., 2006). Vaccination of pigs may constitute a way to interfere 
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with the transmission of both diseases due to the essential role 
of pigs as an obligatory intermediate host to complete the par-
asite's life cycle. 
Several antigens have been tested as vaccine candidates to 
prevent cysticercosis infection in pigs, including synthetic pep-
tides (Huerta et aI., 2001; Sciutto et aI., 2007; Morales et aI., 
2008) and oncosphere antigens (Pathak and Gaur, 1990; Plan-
carte et aI., 1999; Verastegui et aI., 2002; Lightowlers, 2003; 
Flisser et aI., 2004; Gonzalez et aI., 2005). Sera from protected 
pigs vaccinated with crude oncosphere extracts recognized 2 
protein bands: one of 31kD and the the other of 22.5kD. These 
oncospheral proteins are exclusive to the oncosphere and appear 
to be associated with immune protection against cysticercosis 
(Verastegui et aI., 2002). The 2 protein bands are also specific 
for the detection of patients with taeniasis (Verastegui et aI., 
2003). 
The oncospheral antigenic protein with a molecular weight 
of approximately 31kD (Ts031) has been recently cloned and 
characterized (Mayta et aI., 2007). This study was initially ori-
ented to characterize the second protein, which presents a mo-
lecular weight of approximately 22.5kD. Thus, the present 
study reports the characterization of a protein initially se-
quenced from a 2-dimensional gel with a molecular weight of 
approximately 22.5kD (Ts022), but was later characterized as a 
42kD protein that is present exclusively in the oncosphere stage 
of T. solium. Using an ELISA format, we also examined the 
ability of the 42kD protein alone or in combination with the 
Ts031 recombinant protein to diagnose human taeniasis!cysti-
cercosis. 
MATERIALS AND METHODS 
Tapeworm recovery and oncosphere preparation 
Tapeworm fragments recovered from post-treatment stools were iden-
tified at the species level, as dl3scribed previously (Mayta et aI., 2000; 
Verastegui et aI., 2003; Jeri et aI., 2004). Taenia solium eggs were 
hatched in vitro and oncospheres were prepared using sodium hypo-
chlorite and RPMI medium (Stevenson, 1983; Verastegui et aI., 2002). 
The oncospheres were then suspended either in Trizol (Invitrogen, 
Carlsbad, California) for RNA purification or in 8 M urea for 2-dimen-
sional gel electrophoresis. 
Two-dimensional electrophoresis 
The 2-dimensional gel electrophoresis of oncosphere extracts was 
conducted as described by Mayta et aI., 2007. The first dimension iso-
electrofocusing (IEF) gel was performed using IPGphor strips (Amer-
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sham Biosciences, Piscataway, New Jersey) and 35 fLg of total protein. 
The strips from IEF were then loaded onto l-mm thick 5~22.5% SDS-
PAGE gradient gels for the second dimension. The second dimension 
SDS-PAGE and Western blot were performed as described (Tsang et 
aI., 1983, 1989). 
Protein sequencing 
Two-dimensional gel electrophoresis acrylamide gels were stained 
with colloidal Coornassie blue (Invitrogen). Protein spots were identi-
fied by comparing the stained gel with a blot of a second gel processed 
under exactly the same conditions and were probed with sera from pigs 
vaccinated with crude oncosphere extracts. For sequencing, the specific 
protein spots were excised and pooled from 3 different gels. Protein 
sequencing was done at the Harvard Microchemistry and Proteomics 
Analysis Facility (Cambridge, Massachusetts) (Levine et aI., 2004; 
Mayta et aI., 2007). 
Oncosphere cDNA library screening 
A previously constructed, phenol-chloroform~extracted cDNA li-
brary was used as a DNA template (Mayta et aI., 2007). Degenerate 
primers for the peptide sequences were designed using a T. solium co-
don bias table (Waterkeyn et aI., 1998). The oligonuclotides OA4-3ADF 
(5'-GAR MAR GTI GAR GAR GTI CAA A-3') and OA4-4ADR (5'-
GGI CCI GAR AAI ACI CCY TG-3'), corresponding to the amino acid 
sequences AGSVEQVEEVKHEEVQK and QGVFSGp, respectively, 
were used to amplify a portion of the cDNA that encodes the 42kD 
protein. AmpliTaq Gold DNA polymerase (Applied Biosystems, Foster 
City, California) was used for all polymerase chain reactions (PCRs). 
The amplification product was cloned into the pCR 2.1 TOPO vector 
using the TOPO TA cloning kit (Invitrogen) for DNA sequencing. Five 
different clones were sequenced. 
The PCR product of the partial cDNA clone was radioactively labeled 
using cx-[32P]-dCTP by random priming according to the manufacturer's 
protocol (Invitrogen). The labeled PCR products were then used to 
screen the oncosphere cDNA library as described previously (Greene 
et aI., 2000; Levine et at, 2004; Mayta et aI., 2007). 
RACE PCR and generation of full-length cDNA 
The SMART RACE cDNA amplification kit from C}ontech (Palo 
Alto, California) was used to identify the 5' end of the cDNA sequence. 
The 5' end RACE PCR was carried out using specific primers and 0.5 
fLg of total RNA, according to the manufacturer's protocol. Amplifica-
tion products were then cloned into the pCR 2.1 TOPO vector (Invitro-
gen) for sequencing. 
Expression of recombinant 42kD protein 
The 42kD cDNA sequence encoding part of the protein correspond-
ing to the sequence obtained by protein sequencing was cloned into the 
expression vector pGEX-4T-I (GE Healthcare, Piscataway, New Jer-
sey). The protein was expressed in BL2l Star (DE3) Escherichia coli 
(Invitrogen), according to manufacturer's protocol. The expressed pro-
tein was purified using a GSTrap HP Column (GE Healthcare), desalted 
into PBS, pH 7.4, and used for rabbit immunization. 
Production of rabbit antisera and localization of 42kD protein 
Rabbit polyclonal antibodies were produced as described previously 
(Deplazes et aI., 1999). Briefly, rabbits were immunized subcutaneously 
with 0.1 mg of recombinant GST-42kD protein in complete Freund's 
adjuvant. Three booster injections were given using the same antigen 
with incomplete Freund's adjuvant, the first booster 2 wk after the first 
immunization and then weekly for 2 more wk. The rabbits were then 
humanely killed and bled 7 days after the last booster. 
To determine whether the 42kD protein is exclusive to the T. solium 
oncosphere, Western blot analysis was performed, using 0.1 fLg/mm 
each of crude antigens made from oncospheres, cysticerci, and adult 
tapeworm. Rabbit pre-immune sera (negative control) and sera from 
rabbits immunized with rGST-42kD were diluted 1:100 in 5% milk~ 
0.3% Tween-PBS. The blot was then processed as previously described 
(Tsang et aI., 1983, 1989). 
Indirect immune fluorescence 
Activated oncospheres were fixed on poly-L-lysine coated multi-well 
slides by drying at 37 C. Fixed oncospheres were alternatively permea-
bilized with 0.01 % Triton X-100 in PBS for 1 min. Oncospheres were 
stained using a 1:4,000 dilution of rabbit anti-rGST/Ts022 antibody in 
1 % albumin-PBS and a I: 100 dilution of goat anti-rabbit IgG (H + L) 
fluorescein-labeled conjugate (Kierkegaard & Perry Laboratories, Gai-
thersburg, Massachusetts) in PBS + 1 % ovalbumine, 0.35% Evans 
Blue, as previously described (Mayta et aI., 2007). Sera from rabbit 
immunized with total crude oncosphere extracts and pre-immune rabbit 
sera were used as positive and negative controls, respectively. Immu-
nofluorescent-stained oncospheres were observed using a fluorescence 
microscope (Nikon, Melville, New York) and photographed using a 
Sight DS-5M-Ll digital camera (Nikon). 
ELISA assay for the detection of human neurocysticercosis 
Immulon-IB plates (Thermo Fisher Scientific, Waltham, Massachu-
setts) were coated overnight using 100 fLl of a solution of 0.25 fLg/ml 
each of the 42kD, the Ts031, or a combination of both proteins (0.125 
fLg/ml each) in bicarbonate buffer (pH 9.6). Plates were washed 3 times 
with 0.05% tween in saline solution and blocked for I hr with blocking 
solution (2% BSA, 0.05% tween in PBS pH = 7.4). After washing, 
plates were incubated for I hr with I: 100 diluted sera in blocking so-
lution. Then, the plates were washed and incubated for 1 hr with a 
1: 10,000 dilution of peroxidase-labeled goat anti-human IgG (H + L) 
(KPL) in blocking solution. After a final wash, plates were developed 
using OPD (Sigma, St. Louis, Missouri) for 10 min and the reaction 
was stopped using 2 M H2S04 , Plates were then read using the Versa-
max ELISA microplate reader (Molecular Devices, Sunnyvale, Califor-
nia). 
Optimal antigen concentration was determined using different con-
centrations of recombinant proteins ranging from 0.05 to I fLg/ml and 
using pooled sera from cysticercosis-positive patients, taeniasis-negative 
samples, and negative control sera samples. The antigen concentration 
showing the highest positive to negative OD ratio was the one using a 
combination of both proteins at a final protein concentration of 0.25 
fLg/ml (0.125 fLg/ml each recombinant). These antigen conditions were 
used for further experiments. 
Initially, both the 42kD and Ts031 were tested using 8 serum samples 
from patients with taeniasis, 8 from patients with cysticercosis (taeniasis 
negative), and 12 negative samples from healthy individuals from Peru 
and the United States. Because only 2 of 8 of the taeniasis-positive and 
all 8 of the cysticercosis-positive samples were positive by ELISA, we 
decided to further evaluate ELISA using these proteins for the diagnosis 
of human neurocysticercosis. Forty sera samples from previous studies 
were assayed blindly. Twenty samples were from patients who pre-
sented more than 10 cerebral lesions compatible with T. solium cysts 
by computed tomography (CT) scan and who were, in addition, also 
positive for cysticercosis by Western blot analysis using cyst lentil-
lectin, affinity-purified glycoprotein antigens (Tsang et aI., 1989). These 
samples would be expected to give the highest reactivity. If the sensi-
tivity was low, then further exploration of these antigens could be avoid-
ed. The remaining 20 samples came from individuals from a non-cys-
ticercosis endemic region of Peru (Iquitos), who also tested negative 
for cysticercosis by Western blot analysis. 
DNA sequencing and analysis 
The cDNA sequencing was performed at the Emory University DNA 
core facility (Atlanta, Georgia). The sequencing data were assembled 
and analyzed using SeqMan software (DNASTAR, Madison, Wiscon-
sin) and other software, including Generunner (www.generunner.com). 
BLAST (www.ncbi.nlm.nih.govIBLAST/), SMART (http://smart. 
embl-heidelberg.de/), Hits (http://myhits.isb-sib.ch/cgi-binlindex), and 
Prosite (www.expasy.org/prosite). 
Nucleotide sequence accession numbers 
The nucleotide and deduced amino acid sequences of Ts03l have 
been entered into GenBank. The Ts022a, Ts022b, Tso22c, Ts022d, and 
Ts022e accession numbers are AY752884, AY752885, AY752886, 
AY752887, and AY752888, respectively. 
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FIG RE 4. Indirect immlino flllorescence ( IIF) o f oncospheres. Oncospheres were IIF stained lIsi ng sera from : pre- immliniLed rabbits (negative 
contro l. panels a and b). rabbit s immllnized with rGST-42kD protein (panels c- f) . or rabbits immllni zed w ith IOta I crude oncosphere ex tract. 
(positi ve contro l. panels g and h ) and flll orescein labeled goat anti -rabbit antibody (see tex t for more detail ) . Oncospheres were permeabilized 
lIsing Triton X - I 00 before staining on panels e and f . ta ined oncospheres were obser ved lInder normal light (panels on the left ) and V light 
(panels on the r ight ) lInder X 1.000 magnification. A rrows indicate acti vated oncosphere. 
The 42kD protein appears to be internall y locali zed and i not 
a oc iated with the oncosphere external membrane or on the 
limiting membrane of the onco phere . as the fluorescence o f 
the internal tructure o f the onco pheres increased when treat-
ed with Triton X I 00. The presence of the 42kD protein eems 
to increase with the acti vation o f the oncosphere, since non-
acti vated onco pheres di I not fluoresce at all , while both non-
permeabili zed and permeabili zed full y acti vated oncospheres 
nuoresced most intensely (Fig. 4). Thi .. ugge ts that the protein 
may b important for processes that occur after oncosphere ac-
ti vati on, such a cell adhes ion or cro ing the intestinal wa ll. 
The functi on o f the protein i unknown . 0 proteins of sim-
ilar characteri tics have been de cribed to date. The cl o e t 
match on the Blast search corre ponded to a putati ve Schisto-
soma p. protein (63% protein identity) . which represent a tro-
ponin T domain . If the protein functi ons as a troponin T. it may 
be assoc iated w ith myo in present in the hook and, therefore, 
might be involved in intestinal wall penetrati on. 
Pre iou studi es have shown that the I roteins associated w ith 
protection in pigs, which are exc lu i ve to crude onco. phere an-
tigen , are also spec ific for the diagno is o f taenia. i s/cy ti cer-
cos is (Verastegui et al.. 2003). However, we have obser ved a 
poor performance of the 42kD and Ts03 1 recombinant proteins. 
both in the We tern blot and LIS format for the diagno is 
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of taeniasis/cysticercosis, even if serum from patients with a 
high number of cysts was used. Expression in E. coli does not 
always produce functional proteins due to the lack of proper 
folding and post-translational modifications and may have con-
tributed to the poor performance of the test; however, we do 
not know whether antigenic activity of the 42kD protein is lost 
when the protein is treated with DTT. Perhaps these proteins 
are not sufficiently exposed to the immune system, which 
makes them unsuitable for the diagnosis of taeniasis/cysticer-
COSIS. 
The protein described here is unique to activated T. solium 
oncospheres and, although immunogenic in rabbits, it is not 
highly sensitive or specific and thus is not useful for the diag-
nosis of taeniasis/cysticercosis. The expression of this protein 
in a eukaryotic system may confer proper folding and similar 
post-translational modification to the native protein, and could 
improve the usefulness of these proteins as diagnostic tools. 
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MEDITERRANEAN THEILERIOSIS AND OTHER TICK TRANSMITTED PIROPLASMOSES IN 
CATTLE IN MINORCA (BALEARIC ISLANDS, SPAIN): THE EFFECT OF TICK CONTROL 
ON PREVALENCE LEVELS ANALYZED BY REVERSE LINE BLOT (RLB) MACROARRAYS 
Sonia Almeria, Yolanda Delgado-Neira, Carles Adelantado, Marian Huguet*, Joan Vinent*, and Antoni Nicolas* 
Centre de Recerca en Sanitat Animal (CReSA). UAB-IRTA and Departament de Sanitat i Anatomia Animals. Campus de la Universitat 
Autonoma de Barcelona, 08193 Bellaterra. Barcelona. Spain. e-mail: Sonia.Almeria@uab.cat 
ABSTRACT: Mediterranean theileriosis, caused by Theileria annulata, is endemic in Minorca (Balearic Islands, Spain). The present 
study analyzes the prevalence of piroplasm infections in cattle in Minorca using reverse line blot (RLB) macroarrays, as well as 
the effect of herd tick control on those prevalence levels. One hundred and nineteen animals from 12 herds were sampled in 
representative areas of the island. Information was gathered regarding tick control for the animals (frequency and acaricide used) 
in each herd. More than 87% of the animals were positive for the presence of piroplasm species. Theileria annulata and Theileria 
buff eli were observed in all sampled herds (mean prevalence 53.3% for T. annulata and 69.75% for T. buffeli). The mean 
prevalence was 5.7% for Babesia bigemina. A significantly higher prevalence of Theileria spp. was observed in herds that grazed 
in, or near, forested areas. Theileria annulata prevalence was significantly lower in herds that followed tick control and was 
related to the frequency of the applied treatments. Theileria buff eli and B. bigemina prevalences were not affected by tick control 
for the herds. The results indicate that despite tick control, Mediterranean theileriosis remains endemic in Minorca. Adequate 
control measures and vaccination approaches are required to improve the situation of Mediterranean theileriosis on the island. 
Piroplasmoses are tick-borne protozoan diseases affecting 
domestic and wild animals. The causative agents, species of 
Theileria and Babesia, are a serious constraint for animal health 
and production in several parts of the world, including both 
tropical and temperate countries (Jongejan and Uilenberg, 
1994). At least 2 species, i.e., Babesia divergens and Babesia 
microti, are also zoonotic (Kjemtrup and Conrad, 2000). 
Classical laboratory diagnosis of piroplasmosis is based on 
light microscopy detection of the protozoan parasites in thin 
blood smears. The presence of macroschizonts of T. annulata 
is diagnosed by Giemsa-stained lymph node biopsies and, un-
like Theileria parva, ·in blood smears (Uilenberg, 1981). How-
ever, light microscopy detection of piroplasms has low sensi-
tivity and does not allow for the differentiation of the species 
causing the infection, which differ in their pathogenicity. Se-
rological tests such as the indirect immunofluorescence anti-
body test (IFAT), commonly used to screen for the presence of 
benign theileriosis, also have disadvantages, such as cross re-
activity with antibodies directed against other species, which 
limits their specificity (Papadopoulos et aI., 1996). 
Highly sensitive and specific polymerase chain reaction 
(PCR) techniques have been developed to detect and identify 
separate species of Theileria and Babesia (Gubbels et aI., 
1999). However, PCR tests do not allow the simultaneous de-
tection of Theileria spp. and Babesia spp. that could be present 
in an animal. The most recent test developed to detect and dif-
ferentiate all known Babesia spp. and Theileria spp. of impor-
tance in cattle is a PCR-based RLB hybridization assay that 
allows the simultaneous detection of pathogens against multiple 
probes. For the detection of piroplasms, the conserved domain 
of Theileria spp. and Babesia spp. in the 18 small subunit 
(SSU) ribosomal RNA (rRNA) is used to amplify the hyper-
variable V4 region by PCR. Within this region, species-specific 
oligonucleotides are probed. The RLB assay was first used in 
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the simultaneous detection of Theileria spp. and Babesia spp. 
in bovine blood by Gubbels et al. (1999), who showed that the 
technique had a very high sensitivity and high specificity, with-
out cross-reactions between any of the tested species. 
On the Mediterranean island of Minorca (Balearic Islands, 
Spain), clinical cases of cattle sickness associated with tick in-
festation, locally known as "yellow disease," have been ob-
served for many years. Previous studies confirmed that species 
such as T. annulata, T. buff eli, B. bigemina, and Babesia bovis 
are present in Minorca, with elevated prevalence of T. annulata 
(Almeria, Castella, Ferrer, Ortuno, et aI., 2001; Almeria et aI., 
2002). Theileria annulata is recognized as a very pathogenic 
species and the main causative agent of Mediterranean theile-
riosis. If the animal recovers from the infection, a long-lasting 
carrier status occurs, in which low numbers of erythrocytes re-
main infected with T. annulata piroplasms (Neitz, 1957). These 
carrier animals have an important role in the transmission of 
the infection by the Hyalomma spp. vector ticks (d'Oliveira et 
aI., 1995). Theileria buffeli is the most widespread species in 
the group, but is, in general, considered as benign. In addition, 
cattle babesiosis is a significant cause of economic losses. Ba-
besia bigemina has been the main source of babesiosis on Mi-
norca, but B. bovis has also been found (Almeria, Castella, Fer-
rer, Spargano, et aI., 2001). Babesia bovis is regarded as the 
most pathogenic of the bovine Babesia spp., resulting in fatal 
disease if animals are not treated. 
The objective of the present study was to analyze the current 
situation of Mediterranean theileriosis and other piroplasm in-
fections in cattle in Minorca, using RLB macroarrays, as well 
as to analyze the effect of herd tick control on the observed 
prevalence levels. 
MATERIALS AND METHODS 
Weather and animal conditions in Minorca 
Minorca is a small Balearic island (702 km2) located in the Mediter-
ranean Sea (39°52'30"N, 4°20'00"E). The weather is of a maritime tem-
perate Mediterranean type, with a mean annual temperature of 17 C, a 
mean annual rainfall of 654 mm, and high relative humidity (average, 
72%). On Minorca, animal husbandry is a very important economic 
resource. There are approximately 12,000 adult cattle, mainly dairy, 
distributed in small herds, with typically 30-60 animals per herd. Milk 
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TABLE I. Prevalence of T. annulata, T. buffeli, and B. bigemina infection in the sampled dairy herds from Minorca Island analyzed by RLB. 
Tick control Animals T. annulata T. buffeli B. bigemina 
Area Herd YeslNo Frequency* Productt sampled n % n % n % 
Ciutadella I Y H D,C 10 2 20 7 70 0 0 
2 Y H D,C 10 4 40 7 70 0 0 
3 Y H D,C 10 5 50 5 50 10 
4 Y M D 10 5 50 2 20 0 0 
5 N 8 6 75 4 50 0 0 
Ferrerias 6 Y H D,C 10 6 60 9 90 0 0 
7 N 12 12 100 7 58.3 8.3 
Mercadal 8 Y H D 10 4 40 8 80 2 20 
9 Y H D,C 10 4 40 8 80 3 30 
10 Y H D 7 4 57.1 5 71.4 0 0 
Alaior-Mah6n 11 Y M D,C 9 4 44.4 9 100 0 0 
12 Y L D 13 9 69.2 12 92.3 0 0 
Total 119 65 54.6 83 69.7 7 5.8 
* H, high-frequency tick control (2':3 treatments/animallyr); M, medium-frequency tick control (2 treatments/animal/yr); L, poor-frequency tick control (maximum I 
treatmentlanimal/yr). 
t D, deltamethrin; C, clorfenvinfos. 
positive control samples were included. Positive control samples used 
included T. annulata, T. buffeli, and B. bigemina obtained from field 
cases diagnosed at our laboratory. A positive control for B. bovis was 
kindly provided by Dr. Jongejan (Utrech, the Netherlands). Amplifica-
tion products were analyzed by electrophoresis in a 1.2% agarose gel. 
Regardless of whether the PCR reactions yielded a visible fragment on 
agarose gels, all samples were analyzed by RLB. 
The RLB technique has been described elsewhere (Gubbels et aI., 
1999; Schouls et aI., 1999). Briefly, denatured DNA products were hy-
bridized to an activated Biodyne C membrane (Pall Gelman Sciences, 
Ann Arbor, Michigan) onto which species-specific oligonucleotides 
were covalently linked.'The oligonucleotides used were those reported 
by Gubbels et al. (1999) for T. taurotragi, (TCTTGGCACGTGGCTT 
TT), T. velifera (CCTATTCTCCTTTACGAGT), B. bigemina (CGTT 
TTTTCCCTTTTGTTGG), B. bovis (CAGGTTTCGCCTGTATAATT 
GAG), and B. divergens (GTTAATATTGACTAATGTCGAG), and 
those reported by Georges et al. (2001) for T. annulata (CCTCTGGG 
GTCTGTGCA), T. buffeli (GGCTTATTTCGGWTTGATTTT, where W 
indicates A or T), B. major (TCCGACTTTGGTTGGTGT), including a 
catch-all Theileria spp. and Babesia spp. control oligonucleotide (TA 
ATGGTTAATAGGARCRGTTG, where R indicates A or G). Every 
oligonucleotide probe had an amino-linked group at the 5' terminus. 
After hybridization in a miniblotter (Immunetics, Cambridge, Massa-
chusetts), the membrane was incubated with peroxidase-labeled strep-
tavidin (Boehringer Mannheim, Mannheim, Germany) and ECL detec-
tion fluid (Amersham-Pharmacia Biotech, Barcelona, Spain), and the 
reaction was visualized after exposure to an ECL hyperfilm (Amer-
sham-Pharmacia Biotech). 
Statistical analysis 
Prevalence of each piroplasm species was statistically analyzed, with 
consideration of the following variables: dairy herds; geographic areas 
where each herd was located, grazing in, or near; forested areas; age of 
the sampled animals; animals in the herd that were treated or untreated 
(for ticks); frequency of these treatments (high, 2::3 treatments/animal! 
yr; medium, 2 treatments/animal!yr; low, no treatment or a maximum 
of 1 treatmentlanimal!yr); and products used (deltamethrin, clorfenvin-
fos, or both). The statistical data analysis was performed with the SPSS 
14.0 Statistical program (SPSS, Chicago, lllinois), using a chi-square 
test. The differences were considered statistically significant at P :5 
0.05. 
RESULTS 
One hundred and four animals (87.4% of total analyzed) 
were positive for the presence of 1 or more piroplasm species. 
Theileria annulata and T. buffeli were observed in all sampled 
herds, with prevalences ranging from 20% to 100% (mean prev-
alence, 53.3% for T. annulata and 69.75% for T. buffeli). Ba-
besia bigemina was observed in 4 dairy herds, with prevalences 
ranging from 8.3% to 30% (mean prevalence, 5.7%) (Table I). 
Babesia bovis was not detected in any of the dairy herds ex-
amined in the study. 
Statistically significant differences in the prevalence of T. 
annulata and T. buffeli were observed between areas (P = 
0.002 and P = 0.001, respectively) and dairy herds (P = 0.039 
and P = 0.004, respectively). Prevalences of both T. annulata 
and T. buff eli were significantly lower in herds from the Ciu-
tadella area (P = 0.025 and P = 0.001, respectively) (Table I). 
In Ciutadella, none of the herds grazed in or near forested areas, 
while all of the sampled herds in Ferrerias and Alaior-Mahon 
were located in at least partly forested areas. One of the 3 sam-
pled herds (herd number 9) in Mercadal occupied a forested 
area. The prevalence of T. buffeli was significantly higher in 
the animals from herds that grazed in or near forested locations 
(83.3% of 54 samples) as compared to animals in herds that 
were not grazing in or near forested sites (58.5% of 65 sam-
ples), (P = 0.003). Similarly, a higher prevalence (64.8%) of 
T. annulata was observed in animals from herds that grazed in 
or near forested areas, compared with a 46.1 % prevalence of 
animals from herds that did not graze in forested areas (P = 
0.032). 
No significant differences were observed in the prevalence 
of infection by T. buff eli, T. annulata, and B. bigemina with 
age of the sampled animals (Clata not shown). 
Ten of the 12 analyzed herds were involved with tick control, 
with 7 herds following high frequency, 2 with medium fre-
quency, and 1 with low frequency (Table I). Of the 10 herds 
that were treated, 4 received deltamethrin only (including the 
herd with low frequency of tick control treatments) and the rest 
were administered both deltamethrin and clorfenvinfos (Table 
I). Tick control did not influence the prevalence of T. buffeli 
(72.7%) in herds in which animals were treated compared with 
55.0% of 20 animals in herds that did not receive treatment (P 
= 0.098). The frequency or product used for treatment did not 
affect T. buffeli RLB prevalence (P = 0.443 and P = 0.231, 
respectively). However, a significant effect was observed for 
the prevalence of T. annulata. Thus, herds in which animals 
were treated had significantly lower prevalence of infection 
(47.5% compared with 90.0%, P = 0.001). The more frequent 
the treatment, the greater the reduction in prevalence of infec-
tion (43.3% T. annulata prevalence with high-frequency treat-
ment vs. 47.4% in medium-frequency and 81.8% in low-fre-
quency treatments; P = 0.001). The product used for treatment 
did not show a significant effect on T. annulata prevalence, i.e., 
55% in animals treated only with deltamethrin compared with 
42.4% in animals treated with both deltamethrin and clorfen-
vinfos (P = 0.152). 
When individual herds were compared, significantly lower 
prevalence of T. annulata was observed between herd 1 (lo-
cated in the Ciutadella area) compared to herd 7 (located in the 
Ferrerias area) (20% vs. 100% prevalence, respectively, P = 
0.001). Herd 1 had no forested areas and received high-fre-
quency tick control methods with pirethroid treatments every 
15 days, while herd 7, within a forested area, did not receive 
any tick control. Theileria buffeli prevalence levels among 
herds were statistically significant in herd 4, located in the Ciu-
tadella area (20% prevalence), compared to herds 6, 11, and 
12, located in Ferrerias and Alaior-Mahon areas where preva-
lence was higher than 90% (Table I). Herd 4 was exposed to 
high-frequency tick control and did not occupy forested sites, 
while in the other herds (6, 11, and 12), tick control was less 
frequent and all cattle grazed in or near forested areas. 
Statistically significant differences in prevalence levels of B. 
bigemina were also ,observed among areas with higher preva-
lence of infection in herds from the Mercadal area (P = 0.014). 
Of the 4 herds positive for the presence of this species in ani-
mals, the 2 located in Mercadal area had prevalences > 10% 
(Table I), while the other 2 positive herds, located in other areas 
of the island, exhibited prevalence levels < I 0%. The preva-
lence of B. bigemina was not affected by the presence of forest 
habitat (P = 0.397) or the frequency of treatment or product 
used (P = 0.666 and P = 0.536, respectively). Herd 9, located 
in forested areas, showed the highest prevalence of B. bigemina 
infection, although differences were not statistically significant 
compared with the prevalence of B. bigemina levels in other 
herds (P = 0.055). 
The RLB assay permitted detection of individual species that 
simultaneously infected the animals. Thirty-three (31.7%) ani-
mals were infected by T. buffeli only, 21 (20.2%) were infected 
by T. annulata only, and 43 cattle (41.3%) were simultaneously 
infected by both T. annulata and T. buffeli, but not by any other 
species. The 7 animals infected by B. bigemina (6.7%) were 
simultaneously infected by at least 1 species of Theileria. Six 
were simultaneously infected with T. buffeli and B. bigemina, 
and 1 was simultaneously infected with both T. annulata and 
T. buffeli. 
DISCUSSION 
Species of Theileria and Babesia are distributed worldwide 
and are a serious constraint to animal health and production 
(Jongejan and Uilenberg, 1994; de la Fuente et aI., 2007). Mo-
lecular detection techniques offer higher sensitivity and speci-
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ficity than microscopy and serological tests offer (Gubbels et 
aI., 1999; Almeria, Castella, Ferrer, Ortuno, et aI., 2001; Georg-
es et aI., 2001; Nagore et aI., 2004; Garcia-Sanmartin et aI., 
2006). The higher sensitivity of RLB allows for the detection 
of chronic symptomatic carriers that could serve as reservoirs 
of infection, which is a serious concern in terms of piroplas-
mosis control. In addition, the RLB is capable of identifying 
mixed infections. 
A previous study on the island indicated an endemic situation 
for Mediterranean theileriosis in Minorca, with high prevalence 
of T. annulata (Almeria, Castella, Ferrer, Ortuno et aI., 2001). 
The present study was intended to follow-up the previous in-
vestigation regarding piroplasm infection and to analyze the 
effect of herd tick control on prevalence. There were no statis-
tically significant differences in RLB prevalence of any piro-
plasm species (T. buff eli, T. annulata, and B. bigemina) with 
age, confirming the endemic situation of these pathogens in the 
island. Theileria annulata and T. buffeli prevalences observed 
in the present study were slightly lower than those observed 
previously using the same techniques (Almeria et aI., 2002), 
i.e., 53.3% in the present study versus 6l.6% for T. annulata 
and 69.75% versus 89.5% for T. buffeli, respectively. However, 
T. buff eli prevalence was still high compared to the 42.6% prev-
alence observed in northern Spain (Garcia-Sanmartin et aI., 
2006) or the even lower prevalence recorded in northeastern 
Portugal (Brigido et aI., 2004), using the same technology. 
All sampled herds had at least 1 animal that was positive for 
both T. annulata and T. buffeli, indicating a widespread distri-
bution of the Theileria spp. on the island. In addition, B. bi-
gemina prevalence, although low, did not show significant 
changes compared to the previous study (5.7% in the present 
study vs. 6.0% previously). Babesia bovis, the most pathogenic 
bovine Babesia sp. and previously reported on Minorca (Al-
meria, Castella, Ferrer, Spargano, et a!., 2001), was not seen in 
the present study. In the previous work, B. bovis was localized 
and in low prevalence (3%); therefore, it may still be present. 
Although not observed in the present study, B. bovis should be 
included in the epizootiological studies of tick-borne diseases 
and in programs intended for their control in future studies on 
Minorca. 
Although a widespread distribution of Theileria spp. was ob-
served on the island, there were also statistically significant 
differences among areas and cattle herds. The sampled herds 
from the Ciutadella area, for example, exhibited significantly 
lower prevalence of both Theileria spp. Management practices, 
size, and climate conditions were similar among the analyzed 
herds in the different areas of the island. The main difference 
was that herds located in the Ciutadella area had no forested 
areas, while herds from other areas were surrounded by forests. 
Forested habitats, characteri:z:ed by high humidity, are known to 
act as an ideal habitat for ticks (Linard et a!., 2007); therefore, 
higher prevalence of infection should be expected in cattle with-
in these areas. In contrast, significant differences in prevalence 
levels of B. bigemina were also observed between different lo-
calities, but a higher prevalence of infection was observed in 
herds from Mercadal, which is not related to forest proximity. 
A different distribution of the tick species that act in the trans-
mission of Babesia spp. and Theileria spp. could explain these 
results. Further studies analyzing tick burdens and distribution 
must be performed to confirm this explanation. 
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On Minorca, tick species previously reported include Rhipi-
cephalus bursa, Rhipicephalus turanicus, Hyalomma margina-
tum marginatum, Hyalomma lusitanicum, Boophilus annulatus, 
and Haemaphysalis punctata (Castella et aI., 2001). Hyalomma 
spp. ticks are the main vectors of T. annulata (Robinson, 1982), 
and both species of Hyalomma observed on Minorca have been 
implicated in the transmission of T. annulata (Habela et aI., 
1999; Viseras et aI., 1999). In Spain, T. annulata associated 
with its Hyalomma sp. vector is known to be endemic in the 
southern, western, and Mediterranean areas (Garcia-Fernandez 
et aI., 1996; Habela et aI., 1999; Martin-Sanchez et aI., 1999; 
Almeria, Castella, Ferrer, Ortuno, et aI., 2001). However, with 
use of RLB, the presence of T. annulata has also been recently 
reported in northern Spain, suggesting that the distribution of 
Mediterranean theileriosis might be changing (Garcia-Sanmar-
tin et aI., 2006). Boophilus annulatus is a known vector for 
cattle babesiosis. It could be hypothesized that higher numbers 
of B. annulatus ticks were present in the Mercadal area. How-
ever, this could not be confirmed in the present study. An in-
teresting observation was that the herd that showed the highest 
prevalence of B. bigemina infection (herd 9) included only an-
imals of a Spanish mainland breed (Asturiana de los Valles) 
that had no contact with Babesia spp. before their arrival on 
the island and, therefore, could be highly susceptible to the 
disease. 
The RLB permitted simultaneous detection of multiple infec-
tions in single animals. Although a substantial proportion of 
animals (>30%) was infected by T. buJfeli alone, this species 
was mainly found in mixed infections, together with T. annu-
lata. Theileria buJfeli is generally considered as a nonpathogen 
(Garcia-Sanmartin et ,aI., 2006). However, a clinical case asso-
ciated with T. buJfeli has been described (Stockham et aI., 
2000); therefore, the possible role of this species in theileriosis, 
especially in mixed infections, needs further investigation. Ba-
besia bigemina also was found only as a mixed infection with 
T. buJfeli, T. annulata, or both, as previously observed (Almeria 
et aI., 2002). The association of certain piroplasm species and 
not others in mixed infections is likely associated with the dif-
ferential distribution of tick vectors in certain areas. 
Adequate and strict tick control plans reduced the prevalence 
of piroplasm infections, as observed with T. annulata. Herds 
with treated animals had significantly lower prevalences of in-
fection with T. annulata compared with herds that were not 
treated; moreover, the more frequent the treatment, the greater 
the decrease in disease frequency. An exception to this pattern 
was T. annulata, which remained elevated (>40% in high-fre-
quency treatment herds). Herd management practices in Mi-
norca, the mild Mediterranean conditions, and the proximity of 
herds to forests (among other causes) make tick control diffi-
cult. Commonly, tick treatment in the herds in Minorca consists 
of spraying organophosphates, pirethroids, or both, on the backs 
and udders of the animals. However, washing of the udder twice 
before milking, although necessary, could easily remove the 
antiparasitic products and reduce the efficacy of this treatment 
(Castella et aI., 2001). Control methods for ticks based primar-
ily on the use of acaricides have shown limited success in the 
reduction of tick infestations and, in addition, can result in se-
lection of resistant ticks, as well as environmental pollution (de 
la Fuente and Kocan, 2006). However, there is a limited number 
of registered products available for chemotherapeutic treatment. 
Because of shortcomings in disease control measures based on 
therapy and tick control, there is a need for effective vaccines 
against these diseases (Morrison and McKeever, 2006). Com-
mercial tick vaccines are known to reduce tick infestations on 
cattle and the intensity of acaricide usage, as well as increase 
animal production and reduce transmission of some tick-borne 
pathogens (Willadsen and Jonjegan, 1999; de la Fuente and 
Kocan, 2006; de la Fuente et aI., 2007). Vaccination approaches 
might help in the control of piroplasms in Minorca. 
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ALTERNATIVE LIFE CYCLE STRATEGIES AND COLONIZATION OF YOUNG ANURANS 
BY GORGODERINA ATTENUATA IN NEBRASKA 
Matthew G. Bolek', Scott D. Snydert, and John Janovy, Jr.:j: 
School of Biological Sciences, University of Nebraska-Lincoln, Lincoln, Nebraska 68588. e-mail: bolek@okstate.edu 
ABSTRACT: Studies on life cycles and epizootiology of North American frog bladder flukes indicate that adult frogs become 
infected predominantly by ingesting tadpoles or other frogs that serve as second intermediate hosts for gorgoderid metacercariae. 
Other studies have indicated that newly metamorphosed frogs are rarely infected with these parasites because they are gape-
limited predators that cannot feed on large intermediate hosts such as tadpoles and other frogs. We examined the role of potential 
intermediate hosts in the recruitment of the frog bladder fluke, Gorgoderina attenuata, to metamorphosed northern leopard frogs, 
Woodhouse's toads, and bullfrogs from ~estern Nebraska. We completed the life cycle of G. attenuata in the laboratory in 3 
anuran species by experimentally infecting a variety of hosts. In addition, we generated and compared DNA sequence data from 
life cycle stages collected from a variety of naturally infected hosts. Our field and laboratory data indicate that in Nebraska G. 
attenuata has a truncated, 2-host life cycle that includes fingernail clams and anurans. Cercariae are ingested directly by tadpoles; 
unencysted juvenile worms then develop in the kidneys of tadpoles before moving to, and maturing in, the urinary bladder when 
tadpoles metamorphose. Additionally, G. attenuata can infect metamorphosed leopard frogs, bullfrogs, and toads when metacer-
cariae in damselfly second intermediate hosts are ingested. These worms can also infect adult bullfrogs when they feed on other 
infected anurans possessing worms in their kidneys. Comparison of our material to published accounts of G. attenuata morphology 
and life cycles in Massachusetts suggests that previous work may have inadvertently involved 2 different species of gorgoderids. 
Our comparative approach to life cycle studies in different anuran life stages and multiple species of hosts suggests that tadpoles 
and metamorphosed anurans have favored alternative life cycle strategies in this trematode. 
Recently there has been an increased interest in attempts to 
understand adaptations involved in the evolution of complex 
life cycles of parasitic organisms (see Poulin and Cribb, 2002; 
Parker et al., 2003). These studies have derived mathematical 
models of how complex life cycles might have evolved from 
simple life cycles or conducted meta-analysis from a phyloge-
netic perspective on life cycle variation among different genera 
and families of parasites. The results of these studies suggest 
that we need additional field and experimental data to better 
understand the selective pressures that have resulted in the evo-
lution of these highly improbable complex life cycles. A major 
impediment of this evolutionary understanding comes from the 
fact that few data exist concerning different life cycle strategies 
among closely related parasite taxa that are distributed in dif-
ferent combinations of hosts in different parts of the world (see 
Grabda-Kazubska, 1976; Snyder and Janovy, 1994, 1996; Pou-
lin and Cribb, 2002; Bolek and Janovy, 2007a, 2007b). 
Bolek and Janovy (2007a) argued that amphibian parasites 
may be good model systems to address questions of parasite 
life cycle diversity and evolution. Recent comparative studies 
on amphibian parasite life cycles, recruitment, and community 
structure in anuran hosts by Bolek and Coggins (2000, 2001, 
2003), Muzzall et al. (2001), Bolek and Janovy (2007a, 2007b, 
2008), and Yoder and Coggins (2007) have provided base line 
data on the distribution, demography, field host specificity, and 
life history of amphibian parasites. These studies suggest that 
life cycle strategies of amphibian parasites are adapted to the 
environment and ecology of their hosts; however, life cycle 
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strategies of congeners and individual species in different life 
stages of amphibians can vary substantially. This variability 
may provide insight into the evolution and local Il;daptation of 
complex life cycles (Grabda-Kazubska, 1976; Snyder and Jan-
ovy, 1994, 1996; Bolek and Janovy, 2007a, 2007b, 2008). 
Studies on the life cycles and epizootiology of North Amer-
ican amphibian bladder flukes indicate a remarkable plasticity 
in the use of second intermediate hosts in their life cycles. 
North American species of Gorgodera and Gorgoderina pri-
marily use tadpoles as second intermediate hosts but can also 
use odonates and molluscs. However, species of Phylodistomum 
use arthropods as second intermediate hosts, while adult am-
phibians become infected by ingesting arthropods, snails, tad-
poles, or other frogs infected with metacercariae (Krull, 1935; 
Rankin, 1939; Crawford, 1940; Goodchild, 1943, 1948; Ube-
laker and Olsen, 1972). Field studies also indicate that within 
individual anuran species, newly metamorphosed and juvenile 
anurans are less commonly infected with bladder flukes than 
are larger adult frogs because of small gape size, which affects 
the size of potential intermediate hosts that can be ingested by 
these frogs (see Bolek and Coggins, 2003; Bolek and Janovy, 
2007a). Contrary to these studies, our observations from Ne-
braska indicate that newly metamorphosed northern leopard 
frogs, which never feed on tadpoles or other anurans (Bolek 
and Janvoy, 2007a), are commonly infected with Gorgoderina 
attenuata, with prevalences reaching 80%. 
We examined the population structure, recruitment, and route 
of infection of G. attenuata in young-of-the-year northern leop-
ard frogs (Rana pipiens), Woodhouse's toads (Bufo woodhou-
sii), and bullfrogs (Rana catesbeiana) from western Nebraska 
in order to elucidate any differences in this bladder fluke's life 
cycle strategy. Additionally, we compare our results to the orig-
inal life cycle work on G. attenuata from western Massachu-
setts by Rankin (1939). The conceptual strength of the present 
study rests with the examination of alternative routes of infec-
tions by a single trematode species to 3 different anuran species 
that vary in their life histories and phylogenetic relationships 
(Lannoo, 2005). 
MATERIALS AND METHODS 
Gorgoderina attenuata field studies in tadpoles and 
metamorphosed leopard frogs 
During July-September 2001 and July 2002, 125 newly metamor-
phosed northern leopard froglets were collected from Cedar Creek, 
Keith County, Nebraska (41°11.194', -101°21.820'). All frogs were 
placed on ice as they were collected and brought into the laboratory. 
Frogs were killed, the snout vent length (SVL) was measured, and they 
were examined for bladder fluke metacercariae in the skin and viscera 
as well as worms in the urinary bladder within 1-6 hr of collection. 
Additionally, 12 northern leopard frog tadpoles' (Gosner stage 39-41) 
collected from Cedar Creek during July 2002 were brought to the lab-
oratory, maintained through metamorphosis in 45.5-L tanks filled with 
aged tap water for a period of 3-6 wk, then examined for bladder flukes. 
To understand at what stage, age, or both newly metamorphosed 
northern leopard frogs acquired bladder fluke infections, we examined 
the seasonal recruitment of C. attenuata by collecting 60 northern leop-
ard frog tadpoles (20 individuals every 2-3 wk during May-July 2003) 
and 20 metamorphosed froglets during July 2003 from Cedar Creek. 
All tadpoles and froglets were collected with a dip net, placed on ice, 
and necropsied within 1-6 hr of collection. They were aged and mea-
sured according to Gosner (1960) and McDiarmid and Altig (1999) and 
examined for gorgoderid metacercariae in the skin, musculature, and 
viscera, as well as for worms in the kidneys and urinary bladder. Kid-
neys were removed from tadpoles and froglets, pressed between 2 
slides, and examined for any juvenile or encysted worms. Worms were 
fixed in 95% ethanol or AFA, and representative worms were stained 
and permanent slides prepared. Kidneys of some tadpoles were fixed in 
Bouin's fixative, embedded in paraffin, sectioned at 12 !Lm, affixed to 
slides, stained with hematoxylin and eosin, mounted in Canada balsam, 
and examined microscopically. 
Gorgoderina attenuata field studies in 3 sympatric anuran 
species 
During June-September 2004, 20 tadpoles each of n~rthern leopard 
frogs and Woodhouse's toads were collected from Cedar Creek, 20 bull-
frog tadpoles from Breen's Flyway (a pond adjacent to Cedar Creek) 
(41 °10.914', -101°21.654'), along with 20 metamorph or adult northern 
leopard frogs, 25 metamorph Woodhouse's toads from Cedar Creek, and 
10 metamorph or adult bullfrogs from Cedar Creek and Breen's Flyway, 
and examined for gorgoderid infections in their kidneys, urinary blad-
der, skin, and viscera. A chi-square test for independence was calculated 
to compare differences in prevalence between sympatric tadpole and 
metamorphosed anuran species collected during 2004. The Kruskal-
Wallis test was calculated to compare differences among mean abun-
dance among sympatric tadpoles and metamorphosed anurans collected 
during 2004 because variances were heteroscedastic (Sokal and Rohlf, 
1981 ). 
Arthropod survey for gorgoderid metacercariae 
To examine other potential routs of infection by C. attenuata to meta-
morphosed anurans, we examined 227 aquatic arthropods for gorgoderid 
metacercariae from Cedar Creek and Breen's Flyway. All aquatic ar-
thropods were collected with a dip net during the summer of 2001-
2004. These included anisopteran larvae (Anax junius, N = 16; Sym-
petrum occidiualis, N = 4); zygopteran larvae (Amphiagrion abbrev-
iatum, N = 14; lschnura verticalis, N = 11); coleopteran adults (Hy-
drophilidae, N = 27); hemipterans (Belostoma sp., N = 33); 
Ephemeroptera larvae (Callibaetis sp., N = 20; Caenis sp., N = 22); 
dipteran larvae (Stratiomyidae, N = 9); amphipods (Hyalella azteca, N 
= 70); and decapods (Orconectes, sp. N = 1). Aquatic arthropods were 
brought to the laboratory, identified to family, genus, or species using 
keys in Borror et al. (1989), Merritt and Cummins (1996), Westfall and 
May (1996), Needham et al. (2000), and Thorp and Covich (2001), and 
gently teased apart for metacercariae with forceps in insect saline. 
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Gorgoderina attenuata laboratory northern leopard frog tadpole 
infections 
Sphaerid pea clams (Pisidium compressum) were collected during 
June-July 2003 from Cedar Creek by sifting aquatic vegetation and 
sand in the stream with a I-mm mesh size strainer. Individual clams 
were isolated in 1.5-ml well plates filled with aged tap water and ob-
served daily for shedding gorgoderid cercariae. Some cercariae were 
fixed in AFA and representative cercariae were stained and permanent 
slides prepared. 
Northern leopard frog tadpoles (Gosner stage 30-36) were collected 
from Cedar Creek during May 2003 when no apparent infections were 
present and maintained in the laboratory in 45.5-L tanks for 2 wk. 
Tadpoles were divided into 3 groups and assigned to either a time-O 
control (N = 20), experimental (N = 10), or time-T control (N = 10) 
and were isolated in 5-ml well plates filled with aged tap water for 1 
hr before exposure. Time-O controls were dissected at the beginning of 
the experimental infections, whereas time-T controls were maintained 
throughout the duration of the experiment and dissected along with the 
experimental group. Gorgoderid cercariae were isolated from the shed-
ding clams, and 3-10 cercariae were individually provided to each ex-
perimental tadpole over a period of 1-3 days. Tadpoles were observed 
using a dissecting microscope until they ingested an individual cercaria 
before another cercaria was introduced into the 5-ml well plate con-
taining the tadpole. Additionally, the water in each well containing in-
dividual tadpoles was checked for any dead cercariae 12-24 hr after 
exposure. All infected tadpoles and time-T controls were maintained in 
groups of 1-4 on a diet of frozen mustard greens and Tetra Min® fish 
food in 45.5-L tanks. To follow infection status, bladder fluke devel-
opment, and migration, experimental and time-T tadpoles were killed 
and necropsied 3 days to 4 wk post-exposure (Gosner stage 36-45). 
Gorgoderina attenuata laboratory damselfly infections 
Sphaerid pea clams were collected during June-July 2004 from Cedar 
Creek and processed as described previously. lschnura verticalis dam-
selfly larvae were collected from Dunwoody Pond, Keith County, Ne-
braska (41°12.916', -101 °34.704'). Larvae were divided into 3 groups 
and starved for 5 days before exposure; they were assigned to either a 
time-O control (N = 10), experimental (N = 10), or time-T control (N 
= 10) and were isolated in 5-ml well plates filled with aged tap water. 
Time-O control damselflies were dissected at the beginning of the ex-
perimental infections; I to 5 cercariae were individually pipetted to each 
experimental damselfly larva over a period of 1-5 days. Larvae were 
observed using a dissecting microscope until they ingested an individual 
cercaria before another cercaria was introduced into the well. All ex-
posed damselflies and time-T controls were dissected 1-6 days post-
exposure. 
Gorgoderina attenuata laboratory metamorphosed toad and 
bullfrog infections 
Newly metamorphosed Woodhouse's toads were collected from 
Beckius Pond, Keith County, Nebraska (41 °12.523', -101°37.266') and 
divided into 3 groups: time-O control (N = 10), experimental (N = 1), 
and time-T control (N = 10). Laboratory-infected damselflies were dis-
sected in insect saline (Hoar and Hickman, 1967). Time-O control toads 
were dissected at the beginning of the experimental infections; 3 meta-
cercariae were intubated into an experimental toad. The pipette was 
examined to confirm that no metacercariae remained. The experimental 
toad and the 10 time-T controls were killed 5 days post-exposure and 
examined for bladder flukes in the kidneys and urinary bladder. 
Bullfrog tadpoles were collected at South Platte River, Paxton, Keith 
County, Nebraska (41°07.600', -101°34.611'), brought to the labora-
tory, reared through metamorphosis, and divided into 3 groups: time-O 
control (N = 10), experimental (N = 2), and time-T control (N = 10). 
Lab-reared bullfrogs were each fed 4, naturally infected, northern leop-
ard frog tadpoles over a period of 4 days, with 0-10 juvenile worms 
located in the kidneys (prevalence 55%; mean abundance 1.4 ::+: 2.2), 
determined by dissecting 20 tadpoles. Thirteen to 18 days post-expo-
sure, experimental bullfrogs were examined for juvenile and adult blad-
der flukes in the kidneys and urinary bladder and metacercariae in the 
tissues. Finally, a single adult northern leopard frog and a single labo-
ratory-reared bullfrog were each fed 7 and 4 newly metamorphosed 
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TABLE I, Gorgoderid specimens used in this study, their hosts, geographical origin of specimens, GenBank accession numbers, sequence length, 
and accession numbers for vouchers of corresponding sequences of gorgoderid specimens, 
ITS GenBank no. 
Gorgoderid taxa Stage/location Host species Geographic origin (sequence length) Vouchers 
G. attenuata RPI WNE Adult, bladder R. pipiens Cedar Creek, Keith County, Nebraska FJ445736 (960) HWML 49000 
G. attenuata RP2WNE Adult, bladder R. pipiens Cedar Creek, Keith County, Nebraska FJ445737 (963) HWML 49001 
Juvenile Gorgoderina sp. Juvenile, kidney Tadpole of R. Cedar Creek, Keith County, Nebraska FJ445738 (1,030) HWML 49002 
RP3WNE pipiens 
Juvenile Gorgoderina sp. Juvenile, kidney B. woodhousii Cedar Creek, Keith County, Nebraska FJ445739 (918) HWML 49003 
BWEXCC 
G. attenuata BWWNE Adult, bladder B. woodhousii Cedar Creek, Keith County, Nebraska FJ445740 (861) HWML 49004 
G. attenuata RCLNY Adult, bladder R. clamitans Queechy, Columbia County, New York FJ445741 (891) HWML 49005 
G. simplex RCLWI Adult, bladder R. clamitans Eagle, Waukesha County, Wisconsin FJ445742 (1,060) HWML 49006 
G. amplicava RCWI Adult, bladder R. catesbeiana Big Muskego Lake, Waukesha County, FJ445743 (911) HWML 49007 
Wisconsin 
Woodhouse's toads to see if they could survive after ingesting these 
potential toxic hosts. 
Other amphibian field surveys 
Because Rankin (1939) indicated that G. attenuata formed metacer-
caria stages in tadpoles and metamorphosed frogs in Massachusetts, we 
examined different species of adult anurans and/or their tadpoles from 
other locations for gorgoderid metacercariae stages to see if gorgoderid 
metacercariae occurred in anurans at other locations than Cedar Creek. 
During May-September 2000-2006 and March-May 2007 an addition-
al 9 species of adult anurans and/or their tadpoles were collected from 
4 locations in Nebraska and Arkansas and examined for gorgoderid 
metacercariae in the skin, musculature, and viscera as well as juvenile 
worms in the kidneys and adults in the urinary bladder. These included 
(1) 69 adult bullfrogs and 2 adult plains leopard frogs (Rana blairi) 
collected from Nevens Pond, Keith County, Nebraska (41°12.426', 
101°24.510'); (2) 100 plains leopard frogs, 108 bullfrogs, 100 Wood-
house's toads, 103 boreal chorus frogs (Pseudacris maculata), 56 cricket 
frogs (Acris crepitans), and 62 Cope's gray treefrogs (Hylachrysoscelis) 
from Pawnee Lake, Lancaster County, Nebraska (40°51.589', 
-96°53.468'); (3) 53 bullfrog tadpoles and 3 bullfrogs from Elk Creek, 
Lancaster County, Nebraska (40°53.145', - 96°50.048'); and (4) 6 bull-
frogs, 4 southern leopard frogs, (Rana sphenocephala), 1 green frog 
(Rana clamitans), 1 pickerel frog (Rana palustris), 1 eastern gray tree-
frog (Hyla versicolor), and 7 cricket frogs collected from a pond in 
Washington County, Arkansas (35°46.979', -94°14.687'). 
All adult gorgoderids from experimental life cycle studies and spec-
imens collected from Arkansas, Nebraska, and other locations from 
North America for molecular work (see below) were identified based 
on the descriptions and redescriptions provided by Stafford (1902), Cort 
(1912), Holl (1928), Olsen, (1937), Goodchild (1950), Brooks (1976), 
and Bolek et al. (2009). Voucher specimens of bladder flukes have been 
deposited in the H. W. Manter Parasitology Collection, University of 
Nebraska, Lincoln, Nebraska (accession numbers HWML): 48984, G. 
attenuata from the urinary bladder of a northern leopard frog from 
Cedar Creek, Keith County, Nebraska (unless indicated otherwise, all 
collecting sites are in Keith County); 48985, G. attenuata from the 
urinary bladder of a bullfrog from Cedar Creek; 48986, G. attenuata 
from the urinary bladder of Woodhouse's toad from Cedar Creek; 
48987, Gorgoderina sp. from the kidneys of a northern leopard frog 
tadpole from Cedar Creek; 48988, Gorgoderina sp. from the kidneys 
of a Woodhouse's toad tadpole from Cedar Creek; 48989, Gorgoderina 
sp. from the kidneys of a bullfrog from Breen's Flyway; 48990, G. 
attenuata from the urinary bladder of an experimentally infected north-
ern leopard frog tadpole; 48991, Gorgoderina sp. from the kidneys of 
an experimentally infected northern leopard frog tadpole; 48992, G. 
attenuata from the urinary bladder of an experimentally infected bull-
frog; 48993, G. attenuata from the urinary bladder of a bullfrog from 
Nevens Pond; 48994, G. attenuata from the urinary bladder of a bull-
frog from Pawnee Lake, Lancaster County, Nebraska; 48995, G. atten-
uata from the urinary bladder of a plains leopard frog from Pawnee 
Lake; 48996, G. attenuata from the urinary bladder of a bullfrog from 
Elk Creek, Lancaster County, Nebraska; 48997, Gorgoderina sp. from 
the kidney of a bullfrog tadpole from Elk Creek; 48998, G. attenuata 
from the urinary bladder of a southern leopard frog from a pond in 
Washington County, Arkansas; and 48999, gorgoderid cercaria from P. 
compressum from Cedar Creek. 
Specimen collection for molecular characterization 
Because the original 3-host life cycle of G. attenuata was elucidated 
from green frogs and other amphibian species from western Massachu-
setts (specific location not given) by Rankin (1939), we collected a 
single green frog infected with G. attenuata near the border of New 
York and Massachusetts (Queechy, Columbia County, New York; 
42°24.269', -73°25.627') to compare the complete internal transcribed 
spacer region (ITS) of the ribosomal DNA (ITS I - 5.8S - ITS 2) of 
worms from the general location of the original life cycle study and 
worms from northern leopard frogs and Woodhouse's toads from Cedar 
Creek, Nebraska. Additionally, Gorgoderina simplex and Gorgodera 
amplicava were collected from green frogs from Eagle, Waukesha 
County, Wisconsin (42°53.225', -88° 29.545') and bullfrogs from Big 
Muskego Lake, (42°51.241', -88°7.456'), respectfully. These worms 
were collected during March-September 2003-2004 to compare the ITS 
sequence of G. attenuata to other species of amphibian gorgoderids. 
Living worms recovered from amphibians were allowed to release eggs 
in water, then thoroughly rinsed in water, identified, and fixed in 95% 
ethanol. A 2- to 5-mm piece of the left or right side of each single 
alcohol-preserved worm was then removed for DNA extraction. Once 
DNA was obtained, the remaining adult worm was stained and identi-
fied based on the original descriptions. Stained voucher specimens of 
all species were preserved. Additionally, live juvenile worms identified 
as Gorgoderina sp. from the kidneys of naturally and experimentally 
infected tadpoles or metamorphosed naturally and experimentally in-
fected Woodhouse's toads were fixed in 95% ethanol. Because juvenile 
worms from kidneys of naturally and experimentally infected tadpoles 
and metamorphosed anurans contained small amounts of tissue, we used 
the entire specimen of these individuals for DNA extraction. Species 
used in the analysis, hosts, collection location, sequence length, and the 
voucher accession number of species are listed in Table I. 
DNA extraction, amplification, and sequencing 
Genomic DNA was extracted from single adult worm pieces and 
entire juvenile worms from the kidneys of tadpoles, frogs, and toads 
using DNeasy tissue kits (Qiagen, Valencia, California). With the ex-
ception of a few bases at the 5' and 3' ends, the entire ITS rDNA (ITS 
1 + 5.8S + ITS 2) was amplified by polymerase chain reaction (PCR) 
using a forward primer in the 18S region, Brl (5'-GTA GGT GAA 
CCT GCA GAA GG), a digenean-specific reverse primer in the 28S 
region, DigLl (5'-GTG ATA TGC TTA AGT TCA GC), and a 58S2 
(5'-TAA GCC GAC CCT CGG ACA GG) digenean-specific internal 
reverse primer. Reactions were performed in a 25 ILl total volume ac-
cording to instructions accompanying the FildeliTaq PCR master mix 
kit (USB Corporation, Cleveland, Ohio). Reactions were run on a Biom-
etta UNO under the following cycling conditions: 94 C for 4 min fol-
lowed by 40 cycles of 94 C for 30 sec, 50-56 C for 30 sec, and 72 C 
for 2 min, followed by 1 cycle of 72 C for 5 min for final elongation. 
Unincorporated PCR primers and nucleotides were removed from PCR 
products using High Pure PCR Purification Kit (Roche Diagnostics, 
Mannheim, Germany). Sequences were determined directly from PCR 
templates by cycle sequencing using Big Dye fluorescent dye termina-
tors and protocols and an ABI 377 automated sequencer (Perkin-Elmer, 
Foster City, California). Primers used for PCR amplification were also 
used in sequencing reactions. 
Sequence analysis 
Approximately 861 to 1,060 bp were determiped from the complete 
ITS region of the rONA for 7 specimens representing 2 Gorgoderina 
species and 1 specimen of Gorgodera amplicava. Sequences were as-
sembled using Contig Express (v. 8.0, InforMax) and provisionally 
aligned using ClustalX using default settings (Thompson et al., 1997) 
followed by alignment by eye using the Bio Edit Sequence Alignment 
Editor (Hall, 1999). The resultant sequence alignment was then edited 
by eye to remove ambiguous regions where we could not confidently 
identify positions of homology within these regions, and the ends of 
each fragment were trimmed to match the shortest sequence in the align-
ment yielding an 849 character alignment. Sequence divergences among 
and within life stages, species, and geographical location of Gorgoder-
ina and Gorgodera were calculated using MEGA 3.1 (Kumar et al., 
2004). 
Morphological studies for comparisons to the original life cycle 
of Rankin (1939) 
Morphological data were compared for the single adult G. attenuata 
drawn by Rankin (1939) in his original life cycle study to the rede-
scription of G. attenuata from a variety of frogs and toads by Bolek et 
al. (2009). Additionally, morphological data were collected for 10 ju-
venile worms from the kidneys of tadpoles, and 10 cercariae shed by 
pea clams used in our "experimental infections. Figures were drawn of 
representative juvenile worms from the kidneys of tadpoles, and cer-
cariae shed from naturally infected pea clams with the aid of a camera 
lucida and compared to the original description of these life cycle stages 
by Rankin (1939). 
RESULTS 
Gorgoderina attenuata field studies 
Mean SVL of the 100 northern leopard froglets collected 
during July-September 2001 was 4.1 ::!:: 0.69 cm, range 3.0-
6.3 cm, whereas the mean SVL of the 25 northern leopard frog-
lets collected during July 2002 was 4.0 ::!:: 0.59 cm, range 3.3-
6.5 cm. Forty of 100 (40%) froglets were infected with a single 
species of frog bladder fluke (G. attenuata) during 2001, with 
a mean abundance of 0.96 ::!:: 1.68 (range = 0-10); whereas 19 
of 25 (76%) froglets were infected with G. attenuata during 
July 2002, with a mean abundance of 3.0 ::!:: 3.25 (range = 0-
10). All were gravid adults located in the urinary bladder. Of 
the 12 northern leopard frog tadpoles collected during July 2002 
and allowed to metamorphose in the laboratory, 8 of 12 (66%) 
were infected with gravid G. attenuata in the urinary bladder, 
with a mean abundance of 2.0 ::!:: 2.1 (range = 0-5). No gor-
goderid metacercariae were found in any of these frogs. 
During 2003 no gorgoderid metacercariae were found among 
the 60 tadpoles (Gosner stage 32-45) or 20 newly metamor-
phosed northern leopard froglets (SVL = 2.9 ::!:: 0.27, range 2.6-
3.5 cm) examined during the spring and summer of 2003. Only 
unencysted non-gravid worms were found in the kidneys of 
tadpoles (Fig. 1), and non-gravid worms in the kidneys and 
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gravid worms in the urinary bladder of froglets. Juvenile worms 
recovered from the kidneys of tadpoles and froglets were 428 
::!:: 58 !-Lm (range 380-540) in length and 118 ::!:: 33 !-Lm (range 
90-160) in width and contained an ovary, 2 kidney-shaped 
lobed vitellaria, 2 testes arranged in tandem, and a developing 
uterus, indicating that they are a species of Gorgoderina. Sea-
sonally, prevalence and mean abundance ranged from a low of 
0% in tadpoles to a high of 80% and 2.3 ::!:: 2.2 in metamor-
phosed froglets. No tadpoles were infected during May 2003, 
with tadpoles recruiting worms in June 2003, then increasing 
in prevalence and abundance during July 2003 in both tadpoles 
and froglets. (Fig. 2). Additionally, none of the newly meta-
morphosed leopard frogs or toads ever contained tadpoles or 
frogs in their stomachs. 
Of the 3 species of anuran tadpoles sampled during 2004, 
only tadpoles of northern leopard frogs (Gosner stage 31-38) 
and Woodhouse's toads (Gosner stage 34-45) were infected 
with non-gravid Gorgoderina sp. in the kidneys, whereas none 
of the bullfrog tadpoles (Gosner stage 35-41) contained any 
worms. Mean SVL of the 20 metamorphosed northern leopard 
frogs collected during June-September 2004 was 4.6 ::!:: 1.0 cm 
and range 2.6-6.2 cm. The mean SVL of the 25 metamorphosed 
Woodhouse's toads was 1.60 ::!:: 0.49 cm and range 1.0-2.8 cm, 
while the mean SVL of the 10 metamorphosed and adult bull-
frogs was 7.6 ::!:: 2.1 cm and range 4.5-10 cm. All 3 species of 
metamorphosed and adult anurans were infected with G. atten-
uata; bullfrogs had infections in both the kidneys and the uri-
nary bladder and the highest prevalence, mean intensity, and 
mean abundance of the 3 anuran species sampled (Table II). 
Worms from the kidneys of metamorphosed bullfrogs appeared 
weak and less mobile than worms in the urinary bladder; the 
testes and ovaries of some of these worms were irregular in 
shape compared to worms from the urinary bladder from all 
anuran species collected. Additionally, some worms recovered 
from the kidneys of bullfrogs were gravid. Statistically signif-
icant differences in prevalence and mean abundance of Gor-
goderina sp. in the kidneys of tadpoles and G. attenuata in the 
kidneys and urinary bladder of frogs existed between the 3 
different species of tadpoles (X2 = 18.07, P < 0.001; H cor-
rected = 17.85, P = 0.001) and metamorph anurans (X2 = 
25.07, P < 0.001; H corrected = 31.97, P < 0.001). None of 
these tadpoles, froglets, or adult frogs contained any gorgoderid 
metacercariae in the tissue or on the skin, and none of the meta-
morphosed anurans contained any tadpoles or frogs in their 
stomach contents. 
Of the 227 aquatic arthropods examined for gorgoderid meta-
cercariae, only odonate larvae were infected. Two of 11 (18%) 
larval I. verticalis were infected with 1 metacercaria each, and 
1 of 4 (25%) larval Sympetrum occidiualis was infected with a 
single metacercaria. 
Gorgoderina attenuata laboratory life cycle studies 
Of the 268 sphaerid pea clams collected during 2003, 80 
(30%) shed gorgoderid cercariae (Fig. 3). Numerous field stud-
ies on parasites of fish and amphibians at Cedar Creek and other 
locations in Keith County, Nebraska, over the last 7 yr have 
indicated that only 2 gorgoderids occur at this location (Helt et 
aI., 2003; M. Bolek, pers. obs.). The only gorgoderid known 
from Cedar Creek other than G. attenuata is Phyllodistomum 
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FIGURE 2. (A) Seasonal prevalence of juvenile Gorgoderina sp. in 
the kidneys of tadpoles and G. attenuata in the urinary bladder of I-
to 2-wk-old metamorphosed northern leopard frogs collected from Ce-
dar Creek during 2003. (B) Seasonal mean abundance + 1 SD of Gor-
goderina sp. in the kidneys of tadpoles and G. attenuata in the urinary 
bladder of 1- to 2-wk-old metamorphosed northern leopard frogs col-
lected from Cedar Creek during 2003. 
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then ingested. After ingestion, larvae were observed rubbing 
their legs over the thorax followed by random thrashing and 
dashing through the water. Nine of 10 (90%) exposed I. verti-
calis damselfly larvae became infected with gorgoderid meta-
cercariae located in the heamocoel of the thorax, with a mean 
intensity of 3.2 :!:: 1.9 (1-6), while none of the time-O or time-
T controls were infected with any gorgoderid metacercariae. All 
metacercariae recovered from experimentally infected damsel-
flies were encysted and resembled typical gorgoderid metacer-
cariae (Fig. 1). Measurements of 5 metacercariae recovered 5 
days PI indicated that they were 120 :!:: 6.8 (range 114-130) 
f.1m in diameter. When 3 of these metacercarie were fed to a 
single newly metamorphosed Woodhouse's toad and examined 
5 days PI, a single juvenile worm identified a species of Gor-
goderina was recovered from the kidney. None of the time-O 
or time-T control toads was infected. 
The 2 laboratory-reared bullfrogs examined l3-18 days after 
being fed 4 naturally infected northern leopard frog tadpoles 
became infected with 3 and 5 G. attenuata each in the urinary 
bladder. Worms recovered from the urinary bladder of experi-
mentally infected bullfrogs were 1.28 :!:: 0.6 mm (range 0.78-
2.0) in length, and most were gravid. None of the 10 time-O or 
10 time-T control bullfrogs was infected with any gorgoderid 
life stage. The single adult northern leopard frog and single 
adult bullfrog each ingested 7 and 4 newly metamorphosed 
Woodhouse's toads and appeared to have no ill effects for 3 wk 
when observations were stopped. 
Other amphibian field surveys 
Examination of adult anurans from 3 different locations in 
Nebraska and a single location in Arkansas indicated that G. 
attenuata was the only adult gorgoderid recovered. Of the 69 
bullfrogs and 2 plains leopard frogs collected from Nevens 
Pond, only a single bullfrog 0.4%) was infected with 1 gravid 
worm in the urinary bladder (mean abundance 0.01 :!:: 0.1). In 
contrast, of the 6 species of adult anurans sampled from Pawnee 
Lake, 6 of 100 plains leopard frogs (6.0%) were infected with 
gravid worms in the urinary bladder (mean abundance of 0.08 
:!:: 0.3; range 0-2) and 8 of 108 bullfrogs (7.4% ) were infected 
with gravid worms in the urinary bladder (mean abundance of 
0.15 :!:: 0.7; range 0-5). Of the 6 adult anuran species sampled 
from a pond in Arkansas, only 1 of 4 southern leopard frogs 
(25%) was infected with 3 gravid worms in the urinary bladder, 
with a mean abundance of 0.75 :!:: 1.5. No gorgoderid meta-
TABLE II. Prevalence (Pr), mean intensity (MI), and mean abundance (MA) of Gorgoderina sp. in tadpole and frog kidneys (Kd), and G. attenuata 
in the urinary bladder (Bd) and total number of worms in the kidneys and urinary bladder (Tl) infecting metamorphs and adults of northern 
leopard frogs (R. pipiens), metamorphs of Woodhouse's toads '(8. woodhousii), and metamorphs and adults of bullfrogs (R. catesbeiana) from 
Cedar Creek and Breen's Flyway, Keith County, Nebraska 2004. 
R. pipiens 8. woodhousii R. catesbeiana 
Tadpole Metamorph Tadpole Metamorph Tadpole Metamorph 
N = 20 N = 20 N = 20 N = 25 N = 20 N = 10 
Kd Kd Bd Kd Kd Bd Kd Kd Bd TI 
Pr 55% 0% 80% 15% 0% 16% 0% 60% 90% 90% 
MI ::t:: ISD 2.5 ::t:: 2.5 3 ::t:: 3 1.6 ::t:: 1.5 1 ::t:: 0 64.5 ::t:: 85.8 17.8 ::t:: 16.2 60.8 ::t:: 80.4 
MA::t:: ISD 1.4 ::t:: 2.2 o ::t:: 0 2.5 ::t:: 3 0.25 ::t:: 0.7 0::t::0 0.16 ::t:: 0.4 o ::t:: 0 38.7 ::t:: 72.1 16 ::t:: 16.3 54.7 ::t:: 78.2 
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between a 2- or 3-host life cycle depending on cercaria/host 
encounter. 
All other North American amphibian gorgoderids for which 
life cycles are known have a metacercaria stage, which suggests 
that a 3-host life cycle is the ancestral condition in amphibian 
gorgoderids (Krull, 1935; Rankin, 1939; Goodchild, 1943, 
1948, 1950; Ubelaker and Olsen, 1972). However, there are 
exceptions to the 3-host life cycle in this family of trematodes, 
with at least 1 other amphibian bladder fluke exhibiting an al-
ternative 2- or 3-host life cycle. Gorgoderina bufonis a bladder 
fluke of boreal toads (Bufo boreas) infects dragonflies as the 
second intermediate host in its life cycle; toads become infected 
when they ingest the encysted metacerqma in dragonflies. 
However, the metacercaria of this species can also become pro-
genetic in dragonflies, and apparently eggs are released when 
dragonflies die in an aquatic habitat (Ubelaker and Olsen, 
1972). These observations of alternative 2- or 3-host life cycle 
strategies of G. bufonis and G. attenuata suggest that anuran 
gape size, different life stages of anurans (tadpoles and meta-
morphs), as well as different species of anurans that vary in 
their habitats (aquatic, semi-terrestrial, or terrestrial) present 
different avenues for, and constraints on, transmission of blad-
der flukes to their respective hosts. 
When the results of our current study are compared to the 
original life cycle study of Rankin (1939), questions arise re-
garding the possibility of regional variation in the life cycle of 
G. attenuata. Rankin (1939) in his elucidation of the life cycle 
of G. attenuata from Massachusetts showed that it used Her-
rington's fingernail clam (S. occidentale) as the first interme-
diate host, and metacercariae developed in larval amphibians 
(anurans and caudat/Vls) and less often in aquatic snails when 
they ingested the non-motile cercariae; frogs became infected 
when they fed on infected amphibians or snails. 
Because Rankin (1939) did not deposit voucher specimens 
of his material and based on other inconsistencies in Rankin's 
life cycle study, questions arise as to the identity of the species 
of bladder fluke(s) on which he was working. In his experi-
mental infections, he used laboratory-reared tadpoles and meta-
morphosed green frogs and northern leopard frogs as well as 
field-collected eastern newts for his infections. He infected lab-
oratory-reared tadpoles by exposing them to cercariae from nat-
urally infected fingernail clams and dissected metacercariae 
from these second intermediate hosts. He placed these meta-
cercariae (cysts) in fingerbowls, each containing a laboratory-
reared green frog or a field-collected newt, and he stated that 
all frogs and newts acquired cysts and became infected with 
immature worms. These hosts were then killed at intervals to 
determine the path of migration. Because frogs and newts feed 
on moving prey, it is unclear how these amphibians could ingest 
non-motile 0.1--0.5 mm metacercariae on the bottom of finger-
bowls. He then infected laboratory-reared frogs and field-col-
lected newts by feeding them laboratory-infected tadpoles con-
taining metacercariae, recovered adult worms from these hosts, 
and infected laboratory-reared fingernail clams to complete the 
life cycle. 
Rankin's original identifications of the cercaria and metacer-
caria stages of G. attenuata were based on his assertion that G. 
amplicava was not present in Massachusetts and differences in 
the life cycle of the 2 species. However, at the time of his study, 
the life cycle of G. amplicava was only partially known. Krull 
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(1935) showed that G. amplicava used Sphaerium (Musculium) 
partumeium, as the first intermediate hosts and aquatic snails 
as the second intermediate host; adult anurans became infected 
when they fed on infected snails. However, subsequent studies 
on the life cycle of G. amplicava by Goodchild (1948) indicated 
that this species was present in Massachusetts, and that both 
tadpoles and aquatic snails served as second intermediate hosts 
when they ingested the non-motile cercariae. In fact, Rankin 
(1939) and others (Goodchild, 1948; Coil, 1954) indicated that 
their cercariae of G. attenuata looked identical to the cercariae 
of G. amplicava. He distinguished the 2 based on size, with G. 
amplicava having a smaller cercaria (4.4-7.5 mm) than his G. 
attenuata (8.75-9.63 mm). Goodchild (1948) in a later study 
showed that the cercariae of G. amplicava could be as large as 
12-17.4 mm, which suggests that Rankin may have been deal-
ing with the cercariae of G. amplicava. Other inconsistencies 
in Rankin's study include the finding of immature worms in the 
process of fusing testes from 9 to 2 in the intestine of a field-
collected and laboratory-infected newt. To our knowledge, G. 
attenuata is the only species in the genus from Europe and 
North America that has been reported to have 9 testes in the 
metacercaria stage, whereas all Gorgodera species for which 
life cycles are known have 9 testes in the metacercaria stage 
(see Dale, 1967; Ubelaker and Olsen, 1972; Prudhoe and Bray, 
1982). Rankin's description of the metacercaria is also remark-
ably similar in size and number of testes to the description of 
G. amplicava metacercaria by Krull (1935) and Goodchild 
(1948) (see Fig. 7). Unfortunately, the only record of an adult 
in Rankin's study is his drawing of a worm recovered from the 
bladder of a field-collected and laboratory-exposed newt. Ran-
kin (1939) stated that he fixed his specimens under cover slip 
pressure, and, therefore, he probably distorted his specimens, 
which more closely resemble G. simplex or Gorgoderina inter-
media than our G. attenuata recovered from 6 different species 
of amphibians. 
Although other European species of Gorgoderina have been 
reported to form metacercaria stages in tadpoles (Lees, 1953), 
few field studies exist on gorgoderid metacercariae in the tissue 
or skin of amphibians in North America; all these reports are 
from the eastern part of the United States and Canada, and other 
amphibian gorgoderid species (G. amplicava and G. simplex), 
along with G. attenuata, were present in bullfrogs and/or green 
frogs at these locations (Rankin, 1937; Goodchild, 1948; 
McAlpine and Burt, 1998; Muzzall et al., 2001, 2003; King et 
al., 2007; K. King, pers. comm.). In contrast, Fortner (1923) 
examined a large number of northern leopard frogs and green 
frogs from the Douglas Lake region of Michigan during 1917-
1919 and indicated that bullfrogs were not present at his loca-
tions. Like us, he recovered only G. attenuata from these hosts, 
with prevalences ranging fn?m 38 to 66%. Importantly, in a 
later study Goodchild (1950) reported examining a serially sec-
tioned metamorphic northern leopard frog tadpole from the 
Douglas Lake regions that contained numerous juvenile Gor-
goderina sp. located in the tadpole's cloaca, urinary bladder, 
Wolffian ducts, and mesonephric tissue (Fig. 7). Remarkably, 
Goodchild's drawing looks similar in size and number of testes 
to our worms recovered from tadpole kidneys from Nebraska, 
which suggests that the alternative 2-host life cycle also occurs 
in other parts of the United States. We suggest that to resolve 
this dilemma, the life cycle of G. attenuata from the eastern 
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DISCOVERY OF AN ENDEMIC AREA OF GNATHOSTOMA TURGIDUM INFECTION 
AMONG OPOSSUMS, DIDELPHIS VIRGINIANA, IN MEXICO 
Sylvia Paz Dfaz-Camacho, Kaethe Willms', Jose Guadalupe Rendon-Maldonado, Marfa del Carmen de la Cruz-Otero, 
Francisco Delgado-Vargas, Lilia Robert, Silvia Antunat, Virginia Leon-Regagnon:j:, and Yukifumi Nawa§11 
Facultad de Ciencias Qufmico Biol6gicas, Universidad Aut6noma de Sinaloa, Culiacan, Mexico. e-mail: yukifuminawa@fc.miyazaki-u.ac.jp 
ABSTRACT: Gnathostomosis, caused by Gnathostoma binucleatum, is a serious public health issue in Mexico. Although 2 other 
Gnathostoma spp., G. turgidum and G. lamothei, have been found in wild animals, their natural life cycle or their relation to 
human disease remains unclear. While we were conducting an epidemiological survey on Gnathostoma spp. in Sinaloa State, 
Mexico, we found an endemic area for G. turgidum in common opossums, Didelphis virginiana, located in Tecualilla, Sinaloa. 
The species identification was carried out by morphological and molecular biological methods. This is the first record of an 
endemic area for G. turgidum infection in opossums, D. virginiana, in the Americas. 
Gnathostomosis, a food-borne zoonosis, is a serious public 
health issue in Mexico, where at least 6 states have been iden-
tified as endemic areas (Lamothe Argumedo, 2003; Waikagul 
and Diaz-Camacho, 2007). The states of Sinaloa (Diaz-Cama-
cho et al., 1998) and Nayarit (Alvarez-Guerrero and Alba-Hur-
tado, 2007), located along the Pacific coast, were identified as 
the heavily endemic areas in which the inhabitants commonly 
consume traditional raw fish dishes such as cebiche and callos. 
G. binucleatum has been the only proven causative agent of 
human gnathostomosis in Mexico (Almeyda-Artigas et aI., 
2000; Le6n-Regagnon et aI., 2002). 
In endemic areas of Mexico, extensive surveys have been 
conducted and the advanced third-stage larvae (AL3) of G. bi-
nucleatum were found in more than 20 species of estuarine 
fishes (Salgado-Maldonado, 2006). Gnathostoma binucleatum 
AL3 has also been found in several other vertebrates such as 
ichthyophagous birds (Diaz Camacho et al., 2002) and estuarine 
turtles (Alvarez-Guerrero and Alba-Hurtado, 2007), but both 
are considered to be paratenic hosts. In addition to G. binu-
cleatum, 2 other Gnathostoma species, G. turgid~lll (Caballero 
y Caballero, 1958) and G. lamothei (Bertoni-Ruiz et al., 2005), 
or possibly 3 species, if Gnathostoma sp. II (Almeyda-Artigas 
et al., 2000) is included, have been found in wild animals. How-
ever, the natural life cycle of Gnathostoma spp. other than G. 
binucleatum has not been resolved, and their larvae have not 
been found in intermediate/paratenic hosts. 
As reviewed by Lamothe-Argumedo (1998), G. turgidum 
was first described more than 100 yr ago (Stossich, 1902) and 
has been repeatedly reported as a parasite of didelphian opos-
sums in various countries in the American continents (Travas-
sos, 1925; Dikmans, 1931; Foster, 1939; Caballero y Caballero, 
1958; Miyazaki et aI., 1976; Almeyda-Artigas et al., pers. obs.). 
Almost all of those previous works were, however, rather' an 
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accidental discovery of a few worms from I opossum. There-
fore, epidemiological data, such as the prevalence and intensity 
of infection, have never been systematically studied. Even in 
an extensive survey in the central part of Mexico, G. turgidum 
was found in only 1 of more than 100 opossums (Monet-Men-
doza et al., 2005). Here, we report an endemic area for G. 
turgidum in opossums, D. virginiana in Sinaloa State, Mexico. 
MATERIALS AND METHODS 
Parasitological examination 
Common opossums, D. virginiana, were captured and killed by local 
hunters between January 2001 and February 2008. Except for the first 
5 specimens examined in 2001, which were collected in and around 
Culiacan City (24°48'N, 107°23'W), all other specimens used in this 
study were collected in Tecualilla (22°45'N, 105°40'W), Sinaloa. The 
bodies of the opossums were packed in ice for transportation to our 
laboratory and were examined within 48 hr after being killed. The tho-
racic and abdominal viscera were removed en masse and each organ! 
tissue was visually examined for the presence of worms, and occasion-
ally by compressing tissues between 2 glass plates. Although special 
attention was paid to the stomach and liver tissues, other organs and 
tissues, including the spleen, intestine, kidney, omentum, as well as the 
peritoneal cavity, were also carefully examined. 
Morphologic and morphometric examination of the worms was per-
formed routinely using dissecting and light microscopes. While the ma-
jority of worms were fixed in 10% formalin, a few worms were fixed 
in Karnovsky's solution (Karnovsky, 1965) for 24 hr at 4 C, washed 
for 24 hr in 0.15 M sodium cacodylate buffer, and post-fixed in 3% 
osmium tetroxide for 2 hr at 4 C. Samples were processed further by 
critical point drying and gold evaporation for scanning electron mi-
croscopy (SEM) (Dfaz-Camacho et al., 2002). 
Molecular genetic identification 
For molecular genetic identification of parasites, worms were fixed 
in absolute ethanol and kept at 4 C until use. After morphological iden-
tification, a small piece of each worm, either fresh or ethanol-fixed, was 
placed in an Eppendorf tube and total DNA was extracted using the 
phenol-chloroform-isopropanol method. The ITS2 region of ribosomal 
DNA was amplified by polymerase chain reaction (PCR), using 2 dif-
ferent primer sets: the sequence data of 4 samples were obtained using 
the primer set of NEWS2 (forward) 5'-TGTGTCGATGAAGA-
ACGCAG and ITS2-RIXO (reverse) 5'-TTCTATGCTTAAATT-
CAGGGG (Almeyda-Artigas et aI., 2000), and the other 2 sequences 
were obtained using the primer set of LC1 (forward) 5'-CGAGTA-
TCGATGAAGAACGCAGC and 28SW (reverse) 5'-GCAACCCGA-
CTCCAAGGAAC (Ando et aI., 2006). The PCR products were se-
quenced and aligned with the known ITS2 sequences of G. turgidum 
and G. binucleatum. 
Data analysis 
Descriptive statistics were carried out using the Microsoft Excel data 
sheet (Microsoft Co., Seattle, Washington). 
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from each other. Since opossums are scavengers, it is difficult 
to identify the second intermediate/paratenic hosts for C. tur-
gidum based on their diet. 
The prevalence of C. turgidum in opossums was apparently 
higher in summer and extremely low in winter based on spo-
radic surveys for several years (Table I); we are continuing our 
epidemiological studies on the prevalence of C. turgidum in 
opossums throughout a year to better characterize this variabil-
ity. Discovery of an endemic area for C. turgidum presents the 
opportunity to gain better insight into the host-parasite relation-
ship of C. turgidum and its natural host animals. 
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LARVAL DIGENETIC TREMATODES IN TADPOLES OF SIX AMPHIBIAN SPECIES FROM 
NORTHEASTERN ARGENTINA 
M. I. Hamann and C. E. Gonzalez 
CONICET-CECOAL, C.C. 291, W 3400 AMD, Corrientes, Argentina. e-mail: monika..hamann@yahoo.com 
ABSTRACT: This article presents a survey of metacercariae found in tadpoles of 6 amphibian species collected near the city of 
Corrientes, Corrientes Province, Argentina. Larval digenetic trematodes of the following species were found: (1) Travtrema aff. 
stenocotyle Cohn, 1902 (Plagiorchiidae) from Physalaemus santafecinus, Physalaemus albonotatus, Odontophrynus americanus, 
Elachistocleis bicolor, Scinax nasicus, and Leptodactylus latinasus; (2) Styphlodora sp. (Plagiorchiidae) from O. americanus and 
E. bicolor; (3) Opisthogonimus sp. (Opisthogonimidae) from O. americanus and P. santafecinus; (4) Lophosicyadiplostomum aff. 
nephrocystis (Lutz, 1928) (Diplostomidae) from S. nasicus; (5) Bursotrema tetracotyloides Szidat, 1960 (Diplostomidae) from P. 
santafecinus and S. nasicus; and (6) an unknown echinostomatid species from O. american us and S. nasicus. Metacercariae of 
these species are reported for the first time in tadpoles of the 6 amphibian species examined. All species are described and 
illustrated, and their life cycles are briefly discussed. These larvae were found infecting different body parts of tadpoles, but no 
relationship was observed between the metacercariae and amphibian malformations. 
From a parasitological perspective, the study of tadpoles is 
significant because these animals act as effective links between 
aquatic and terrestrial ecosystems, transmitting larvae of dige-
netic trematodes to terrestrial vertebrates (Combes et aI., 2002). 
Tadpoles have also received attention from parasitologists in 
recent years because some metacercariae have been widely rec-
ognized as a probable cause of multiple limb deformities and 
high mortality in larval, juvenile, and adult amphibian popu-
lations under both natural and laboratory conditions (Sessions 
and Ruth, 1990; Johnson et aI., 1999,2002; Schotthoefer et aI., 
2003; Johnson et aI., 2004). Furthermore, anthropogenic factors 
and environmental changes, such as cultural eutrophication, 
may facilitate high parasite intensity (Gillilland and Muzzall, 
2002; Belden, 2006) and higher frequency of malformations 
(Johnson and Chase,"2004; Johnson and Lunde, 2005) in larval 
and metamorphic stages of amphibians from North America. 
In Argentina, despite the existence of a highly diverse am-
phibian fauna (Frost, 2004), studies of larval dig~netic trema-
todes from naturally and experimentally infected tadpoles are 
still in their early stages (Ostrowski de NUfiez, 1979, 1981; 
Ostrowski de Nunez et aI., 1990, Hamann and Kehr, 1998). 
Metacercariae infections have been analyzed in adult amphib-
ians (Hamann and Kehr, 1998, 1999; Hamann, Gonzalez, and 
Kehr, 2006; Hamann, Kehr, and Gonzalez, 2006). These studies 
have reported that the probabilities of infection by larval di-
genetic trematodes are likely dictated by biotic factors, e.g., 
feeding strategy, body size, and behavior, as well as abiotic 
conditions, e.g., habitat variability. The present study assesses 
the occurrence of metacercariae of the families Diplostomidae 
Poirier, 1886, Plagiorchiidae (Luhe, 1901), Ophistogonimidae 
Freitas, 1956, and Echinostomatidae Poche, 1926 in naturally 
infected tadpoles from Corrientes City, Corrientes Province, Ar-
gentina. We also present new information on the morphology 
and morphometry of metacercariae. 
MATERIALS AND METHODS 
The tadpoles studied were collected between 3 May and 13 December 
2004, from a temporary pond in northwestern Corrientes Province 
(27°27'S, 58°47'W). A total of 145 tadpoles of the following 6 species 
was examined: Scinax nasicus Cope, 1862 (n = 66; individual tadpoles 
Received 10 June 2008; revised 22 October 2008; accepted 3 Novem-
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at Gosner stages [Gosner, 1960]: 5 [30], 6 [31], 8 [32], 3 [33], 3 [34], 
5 [35],8 [36], 10 [37], 3 [38], 13 [41],2 [42]; Hylidae), Odontophrynus 
americanus (Dumeril and Bibron, 1841) (n = 52; 3 [28], 3 [30],3 [31], 
3 [35], 9 [36], 3 [37], 11 [38], 7 [39], 1 [40], 9 [46]; Cycloramphidae), 
Elachistocleis bicolor (Valenciennes, 1838) (n = 8; 1 [30], 3 [31], 4 
[42]; Microhylidae), Leptodactylus latinasus Jimenez de la Espada, 
1875 (n = 7; 2 [32], 1 [36], 2 [38], 2 [42]; Leptodactylidae), Physa-
laemus albonotatus (Steindachner, 1864) (n = 10; 2 [28], 2 [34], 1 [36], 
3 [37], 1 [39], I [45]), and Physalaemus santafecinus Barrios, 1965 (n 
= 2; 2 [46]; Leiuperidae). Tadpoles were captured with a 45-cm-di-
ameter dip net and kept alive in the laboratory until dissection 2 days 
later. All tadpoles were killed with the use of a chloroform (CHCI3) 
solution. Esophagus, stomach, gut, lungs, liver, kidneys, body cavity, 
musculature, integument, and brain were examined for parasites. Meta-
cercariae were counted and isolated from host tissues. Metacercariae 
were removed from cysts with the use of preparation needles and stud-
ied either in vivo mounted in 0.6% saline solution, or killed in hot 
distilled water, fixed in 70% ethyl alcohol, stained with hydrochloric 
carmine, cleared in creosote, and mounted in Canada balsam. Measure-
ments are given in micrometers (J-Lm) unless otherwise indicated. Iden-
tification of metacercariae was carried out following Yamaguti (1971, 
1975), Gibson et al. (2002), and Jones et al. (2005). Infection prevalence 
and intensity of metacercariae were calculated according to Bush et al. 
(1997). For examination by scanning electron microscopy (SEM), some 
specimens were dehydrated through an ethanol series, acetone, and 
ether. The specimens were gold-coated and examined with the use of a 
Jeol JSM-35CF SEM. Representative specimens were deposited in the 
Helminthological Collection of Centro de Ecologfa Aplicada del Litoral 
(CECOAL), Consejo Nacional de Investigaciones Cientfficas y Tecnicas 
(CONICET), Corrientes, Argentina. 
DESCRIPTIONS 
Lophosicyadipiostomum aft. nephrocystis (Lutz, 1928) 
(Figs. 1, 11-14) 
Metacercaria (based on 10 specimens): Larvae unencysted; body dis-
tinctly bipartite, forebody oval, ventrally concave, 455-530 X 185-250, 
hindbody fusiform, 90-120 X 80-115, body covered with minute 
spines. Oral sucker elliptical, 71-87 X 60-74, with equatorial muscular 
ring surrounding it dorsally and laterally. Pharynx small, 23-28 x 18-
22. Ventral sucker small, 44-51 x 44-55, in midregion of forebody; 
holdfast organ circular, 55-69 X 46-53, with central cavity of variable 
shape. 
Taxonomic summary 
Family: Diplostomidae Poirier, 1886. 
Host: Scinax nasicus (prevalence: 1.5%; maximum intensity: 28 lar-
vae; sampling month: May). 
Material studied: Thirteen larvae. 
Site of infection: Kidneys (Table I). 
Voucher material: CECOAL 04050347. 
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TABLE I. Percentage of infection (%) and total number of metacercariae (No.) from different sites of infection in tadpoles (N 
Corrientes, Argentina. 
145) from 
Site of infections * 
Bod Mes Pha Mus Liv Teg Kid 
Metacercariae % No. % No. % No. % No. % No. % No. % No. 
Travtrema aff. stenocotyle 51.0 74 1.4 16 10.3 67 25.5 99 2.8 4 2.1 4 0.7 7 
Bursotrema tetracotyloides 1.4 15 
Styphlodora sp. 4.8 15 1.4 3 
Opisthogonimus sp. 2.1 7 4.8 10 2.1 6 1.4 2 2.1 6 
Unknown echinostomatid species 17.9 79 
Lophosicyadiplostomum aff. nephrocystis 0.7 28 
* Site of infections: Body cavity (Bod), mesentery (Mes), pharyngeal zone (Pha), musculature (Mus), liver (Liv), tegument (Teg), and kidneys (Kid). 
Remarks 
The larvae studied are morphologically similar to the adult of L. 
nephrocystis (Lutz, 1928) Dubois, 1937, reported in the anterior intes-
tine of passerine birds from Venezuela and Brazil (Dubois, 1970). Spe-
cific information on the life cycle of L. nephrocystis is unknown, but it 
has been reported that encysted forms occur in the kidneys of frog. Lutz 
(1928) briefly described this species from "gavilan bermejo" after ex-
perimental infection with cysts from the kidneys of Rana palmi pes 
Sprix, 1824 from Venezuela. Hamann and Kehr (1998, 1999) found 
these metacercariae in the kidneys of Hyla nana Boulenger, 1889 and 
Lysapsus limellus Cope, 1862 from Corrientes, Argentina. 
Bursotrema tetracotyloides Szidat, 1960 
(Figs. 2, 15, 16) 
Metacercaria (n = 10): Larvae unencysted; body widely oval, 290-
440 X 130-240, forebody saccular with oblique aperture, constricted at 
level of the anterior portion of the holdfast organ; tegument spinous. 
Oral sucker subterminal, '19-,-51 X 30-39. Prepharynx absent, pharynx 
strongly muscular, 30-50 X 21-35; ventral sucker, 23-35 X 28-39. 
Holdfast organ elliptical, 97-207 X 46-106; genital primordia as 2 mas-
ses posterior to holdfast organ. Excretory bladder Y-shapetl. 
Taxonomic summary 
Family: Diplostomidae Poirier, 1886. 
Hosts: Physalaemus santafecinus (50%; 7; December) and S. nasicus 
(2%; 8; May). 
Site of infection: Kidneys (Table I). 
Material studied: Seven specimens from P. santafecinus and 8 from 
S. nasicus. 
Voucher material: CECOAL 04050340. 
Remarks 
The larvae found in the kidneys of P. santafecinus and S. nasicus 
are morphologically identical to those of B. tetracotyloides reported by 
Szidat (1960) from the kidneys of Leptodactylus ocellatus (Linnaeus, 
1758) from Buenos Aires, Argentina. Hamann, Gonzalez, and Kehr 
(2006) and Hamann, Kehr, and Gonzalez (2006) found these metacer-
cariae in the kidneys of Leptodactylus chaquensis and L. latinasus from 
Corrientes, Argentina. Opossums, such as Didelphis azarae Temminck, 
1825 as reported by Dubois (1976) and Didelphis albiventris Lund, 
1840 (M. I. Hamann, pers. comm.), are the definitive hosts for this 
trematode. 
Travtrema aff. stenocotyle (Cohn, 1902) 
(Figs. 3, 4) 
Metacercaria (n = 10): Cyst almost spherical, thin-walled, 200-380 
X 210-390. Excysted larva oval, 380-730 X 210-340. Oral sucker 
rounded, 69-160 X 85-160, ventral sucker very large, transversally 
elongated, 96-180 X 110-230. Short prepharynx present; pharynx 32-
85 X 35-90. Esophagus very short; ceca terminating some distance 
short of posterior extremity. Testes symmetrical; cirrus pouch entirely 
preacetabular; ovary submedian, posterior to acetabulum. Excretory 
bladder V-shaped. 
Taxonomic summary 
Family: Plagiorchiidae (Luhe, 1901). 
Hosts: Scinax nasicus (65%; 9; May, June, and October), E. bicolor 
(75%; 15; May), L. latinasus (57%; 2; May and October), O. ameri-
canus (62%; 6; June, July, September, and December), P. albonotatus 
(51%; 4; May), and P. santafecinus (100%; 4; December). 
Site of infection: Body cavity, mesenteries, muscle, pharyngeal zone, 
liver, and tegument (Table I). 
Material studied: Ten specimens from S. nasicus, 1 specimen from 
P. santafecinus, 10 specimens from O. americanus, 3 specimens from 
E. bicolor, 4 specimens from L. latinasus, and 3 specimens from P. 
albonotatus. 
Voucher material: CECOAL 04050314. 
Remarks 
Ostrowski de Nunez (1979) studied cercariae from the freshwater 
snail Ampullaria canaliculata Lamarck, 1801 and was able to produce 
experimentally metacercariae in Hyla pulchella Dumeril et Bibron, 1841 
from Buenos Aires, Argentina, which possibly corresponded to T. sten-
ocotyle. The present material corresponds well to the description he 
provided. Hamann, Gonzalez, and Kehr (2006) and Hamann, Kehr, and 
Gonzalez (2006) found these larvae in L. chaquensis and L. latinasus 
from Corrientes, Argentina. Snakes such as Philodryas sp. and Helicops 
sp. act as definitive hosts (M. I. Hamann, pers. comm.). 
Styphlodora sp. (most likely Styphlodora condita Farias, 1911) 
(Figs. 5, 6) 
Metacercaria (n = 10): Cyst thin-walled, oval, 210-400 X 150-375. 
Excysted larvae elongated, 550-750 X 150-190, tegument spinous. 
Oral sucker rounded, 76-97 X 74-101; ventral sucker, 83-110 X 85-
115. Pharynx, 39-41 X 39-44. Intestinal ceca long, almost reaching 
posterior extremity. Testes diagonal; ovary submedian, posterior to ac-
etabulum; genital sac dorsal to acetabulum, with wide genital pore sit-
uated immediately anterior to margin of acetabulum. Excretory bladder 
I-shaped. 
Taxonomic summary 
Family: Plagiorchiidae (Luhe, 1901). 
Hosts: Elachistocleis bicolor (13%; 1; May) and O. americanus 
(17%; 6; September). 
Site of infection: Kidneys and liver (Table I). 
Material studied: Fifteen from O. americanus. 
Voucher material: CECOAL 04090613. 
Remarks 
The metacercariae are characterized by the presence of a tubular 
smooth excretory vesicle, and the ventral sucker in the anterior third of 
body. The larva studied is morphologically similar to the adult of S. 
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condita, reported from the excretory system (ureters) of snakes from 
Argentina (Caubisens Poumarau, 1968). 
Opisthogonimus sp. 
(Figs. 7, 8) 
Metacercaria (n = 10): Cyst almost spherical 250-370 X 220-350, 
with inner thin and outer thick walls. Excysted larva oval, 300-430 X 
120-240, tegument spinous. Oral sucker rounded, 58-101 X 68-103, 
ventral sucker, small, 48-69 X 44-78. Short prepharynx present; phar-
ynx 21-28 X 21-30. Esophagus very short; ceca ending some distance 
from equatorial zone of the body. Testes symmetrical, postacetabular; 
cirrus pouch large and curved, genital pore in testicular zone; ovary 
submedian, posterior to acetabulum. Excretory bladder V-shaped. 
Taxonomic summary 
Family: Opisthogonimidae Freitas, 1956. 
Hosts: Odontophrynus americanus (29%; 2; June, July, September) 
and P. santafecinus (100%; 4; May). 
Site of infection: Body cavity, muscle, pharyngeal zone, and tegument 
(Table I). 
Material studied: Twenty specimens from O. americanus and 3 spec-
imens from P. santafecinus. 
Voucher material: CECOAL 04090620. 
Remarks 
The morphology of the metacercariae (comparatively large oral suck-
er, very elongated and curved cirrus pouch, genital pore in testicular 
zone, etc.) corresponds to the characteristics of Opisthogonimus Liihe, 
1900 sp. Adult Opisthogonimus spp. specimens have been found in 
snakes from northeastern Argentina by Caubisens Poumarau (1968) and 
Lunaschi and Drago (2001). 
Unknown echinostomatid species 
(Figs. 9, 10) 
Metacercaria (n = 10): Cyst almost spherical, small, covered by 
transparent thin membrane, outer cyst thick, and 110-200 X 100-190. 
Excysted larvae oval, 200-300 X 100-128; body covered with spines, 
without armed head collar. Oral sucker subterminal, 40-48 X 45-50; 
ventral sucker spherical, 58-90 X 52-80. Pharynx ovalt20-30 X 19-
30. Main collecting ducts broadened, filled with 2-3 large refractile 
corpuscles, 19-35 X 10-25. 
Taxonomic summary 
Family: Echinostomatidae Poche, 1926. 
Hosts: Scinax nasicus (3%; 2; June) and o. americanus (48%; 11; 
June, July, and September). 
Site of infection: Pharyngeal region (Table I). 
Material studied: Three specimens from S. nasicus and 35 from O. 
americanus. 
Specimens deposited: CECOAL 04062519. 
Remarks 
Ostrowski de Nunez et al. (1990) described metacercariae of Cercaria 
macrogranulosa Ruiz, 1952 found in tadpoles of an unknown species 
in Corrientes, Argentina. Those larvae showed few refractile corpuscles 
within the excretory system. Ostrowski de Nunez (1981) also found 
other echinostomatid species with similar characteristics, although with 
eye-spot pigment located close to the pharynx, and cytogenous cells 
with bar-shaped contents, from Bufo arenarum Hensel, 1867, H. pul-
chella, and Lysapsus mantidactylus Gallardo, 1961 from Buenos Aires, 
Argentina. The metacercariae described here show characteristics sim-
ilar to both echinostomatid species. Echinostomatid trematodes are 
known to parasitize a range of final hosts, including reptiles, birds, and 
mammals. 
DISCUSSION 
Field investigations in the western United States have sug-
gested that infections by larvae of trematodes, specifically Ri-
beiroia sp., are linked to limb malformations in natural popu-
lations of amphibians (Johnson et aI., 2004) . .In the present 
study, we report infection by larval digeneans in different body 
regions of tadpoles, but we did not observe any relationship 
between the presence of these metacercariae and amphibian 
limb abnormalities. This could be explained by the absence of 
Ribeiroia spp. in the amphibian populations studied here. Sim-
ilarly, Gillilland and Muzzall (2002) did not find Paralechrior-
chis syntomentera Byrd et Denton, 1938 or Ribeiroia sp. in 
amphibians in southern Michigan, which may also explain the 
absence of deformed amphibians in the latter region. 
Gastropods are the first intermediate host for all the larval 
digenetic trematode species found in tadpoles in the present 
study. Tadpoles act as second intermediate host, and become 
infected principally by direct penetration of cercariae. The most 
prevalent (>50%) were T. aff. stenocotyle and Opisthogonimus 
sp.; in both of these cases, the definitive hosts for these larval 
trematodes are snakes. Additionally, frogs are susceptible to 
infection with cercariae after metamorphosis, suggesting that 
both frog life stages, tadpole and adult, are suitable second in-
termediate hosts for these trematodes, as demonstrated by Ha-
mann, Gonzruez, and Kehr (2006) and Hamann, Kehr, and Gon-
zalez (2006) in the helminth cominunities within the adult pop-
ulations of 2 frog species (L. chaquensis and L. latinasus) in 
northwestern Corrientes province, Argentina. 
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OPTIMIZATION OF AN EXPERIMENTAL MODEL FOR THE RECOVERY OF ADULT 
HAPLORCHIS PUMILIO (HETEROPHYIDAE: DIGENEA) 
Helle Kay, K. Darwin Murrell§, Axel Kornerup Hansen, Henry Madsen, Nguyen Th! Thu Trang*, Nguyen Manh Hungt, 
and Anders Dalsgaard 
Department of Veterinary Disease Biology, Faculty of Life Sciences, University of Copenhagen, Groennegaardsvej 15, DK-1870 Frederiksberg 
C, Denmark. e-mail: kdmurrell@comcast.net 
ABSTRACT: Recent studies in Vietnam and other Asian countries have shown that fish-borne zoonotic intestinal trematodes (FZT) 
occur very frequently in humans. The dominant intestinal FZT in Vietnamese fish are species of Haplorchis, in particular H. 
pumilio. However, basic studies on the biology and pathology of adult H. pumilio are difficult because of the lack of a standardized 
experimental animal model. The objective of this study was to establish and optimize such an animal-infection model for H. 
pumilio. Using metacercariae isolated from naturally infected fish, experiments were conducted to identify a suitable experimental 
animal host species, as well as the optimnm metacercariae infection dose, and to determine the post-infection interval for patency. 
In a series of experiments, mice (Mus musculus) and chickens (Gallus gallus dom.) were infected with different numbers of 
metacercariae, and worm recoveries were made at varying intervals post-infection (PI). Based on the mean number of adult flukes 
recovered/number of metacercariae inoculated and the percent of hosts infected, mice were significantly more susceptible to 
infection than were chickens. The proportion of metacercariae developing to the adult stage increased with dose size. The peak 
worm recovery (geometric mean) was found to be day 7, although not all recovered flukes were gravid until day 9 PI. These 
results describe a mouse infection model with good predictability for intestinal flukes, such as H. pumilio, results which could 
facilitate investigations on important biological and pathological aspects of intestinal fluke infections. 
More than 40 million people are estimated to be infected by 
fish-borne zoonotic trematodes worldwide, most of them in 
Southeast Asia (WHO, 2004). Although the fish-borne liver 
flukes (Opisthorchidae) are receiving a deserved increase in at-
tention, the food safety and health impacts of the larger group 
of intestinal fish-borne flukes are only beginning to emerge 
(WHO, 1995, 2004; Chai et al., 2005). These flukes, which 
include numerous species belonging mainly to the Heterophyi-
dae and Echinostomatidae, are widely spread and often highly 
prevalent as multi-species complexes in humans, especially in 
south and east Asia and Africa (WHO, 1995; Chai et al., 2005; 
Waikagul and Radomyos 2005; Yu and Xu, 2005). Recent in-
vestigations have shown that zoonotic fish-born.e intestinal 
trematodes (FZT) are highly endemic in both humans and fish 
in Vietnam (Dung et al., 2007; Thu et aI., 2007). Among these, 
Haplorchis pumilio appears to be the most common species of 
metacercariae in Vietnam (Hop et al., 2007; Thien et aI., 2007; 
Thu et al., 2007; Chi et al., 2008), although H. taichui and H. 
yokogawai are also present, as they are in other regions (Chai 
et aI., 2005). Their potential importance to public health and 
aquaculture poses the need for more information on the biology, 
ecology, and epidemiology of these trematodes. For example, 
although there are several reports on pathology in humans due 
to infection with H. taichui and other heterophyid flukes (Chai 
et al., 2005; Sukontason et aI., 2005), little is known regarding 
the effects of H. pumilio infection in humans, including the 
resulting pathology and immunology. Some studies on worm 
infectivity, and development in chickens and mice, have been 
reported for H. taichui and several other species of Hetero-
phyidae, including Heterophyopsis continua, Stellantchasmus 
Jalcatus, and Centrocestus armatus (Hong et al., 1989, 1990; 
Received 15 July 2008; revised 26 September 2008; accepted 9 Oc-
tober 2008. 
* Research Institute of Aquaculture No.1, Dinh Bang, Th Son, Bac 
Ninh, Vietnam. 
t Institute of Ecology and Biological Resources, 18 Hoang Quoc Viet, 
Nghia Do, Cau Giay, Hanoi, Vietnam. 
§ To whom correspondence should be addressed. 
DOl: lO.1645/GE-1785.1 
629 
Wongsawad et aI., 1998; Sukontason et aI., 2001; Kumchoo et 
aI., 2003). However, published information on H. pumilio is too 
limited to standardize a protocol for experimental investigations 
on host-parasite interactions for this species. 
The range of potential hosts that have been experimentally 
infected with H. pumilio is broad and includes rats, hamsters, 
mice, chickens, pigeons, dogs, cats, and rhesus monkeys (Pear-
son and Ow-Yang, 1982). However, some studies have reported 
conflicting results with chickens and have involved mice to only 
a very limited extent, although these animal species are well 
suited for laboratory investigations (Sommerville, 1982; Umad-
evi and Madhavi, 2006). Because of the particular advantages 
associated with the use of mice as an experimental host (e.g., 
greater relevance to human biology and greater knowledge 
based on host genetics and immunology), it was desirable to 
compare these 2 hosts in a systematic manner to determine their 
suitability as an experimental infection model and to standard-
ize an infection protocol. A reliable experimental model could 
facilitate host-parasite investigations induding pathology and 
immune responses to infection, parasite longevity, and efficacy 
of various treatment methods. A reliable model could also pro-
vide a biological method to identify unknown fish metacercar-
iae for both diagnostic and research purposes, as well providing 
fluke eggs for laboratory snail infections (Chai, 2004). 
MATERIALS AND METHODS 
Recovery of metacercariae from fish 
Two freshwater fish, the grass carp (Ctenopharyngodon idellus) and 
the silver carp (HypothalmichthY$ molitrix), were obtained from house-
hold ponds in northern Vietnam (Nam Dinh Province), where previous 
studies have found a high occurrence of H. pumilio in fish and humans 
(Dung et al., 2007). The fish were placed on ice and transported to the 
Research Institute for Aquaculture No.1, Th Son, Bac Ninh Province, 
Vietnam located about 120 km from the study site. There, the fish were 
kept in cold storage (4 C) until processed for recovery of metacercariae, 
usually within 36 hr of collection. 
The metacercariae were recovered using the pepsin digestion proce-
dure described in WHO (1995, Annex 6) and as modified by Thu et al. 
(2007). Fish weighing < 100 g were digested whole, and fish weighing 
>100 g were divided into 5 sub-sections (fish head, gill, muscles, fin, 
and skin and scales; 10-20 g/section). The fish samples were minced 
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by processing in a meat grinder, until paste-like, and subsequently di-
gested in a solution of 1 % pepsin and 0.06 M HCI in distilled water at 
37 C for 2-3 hr. The digested sample was filtered through a 1 x 
I-mm mesh brass sieve, and the sediment was allowed to settle in 0.85% 
saline. This washing step was repeated until the supernatant was almost 
clear. The supernatant was then carefully discarded and the sediment 
transferred into a Petri dish containing 6-7 ml 0.85% saline and ex-
amined under a stereomicroscope. Any metacercariae present were sep-
arated, counted, and identified by mounting on a glass slide under a 
cover slip and viewing with a compound microscope (X 100) or a dis-
secting stereomicroscope. Metacercariae identified as H. pumilia (Ya-
maguti, 1971; Velasquez, 1973; Pearson and Ow-Yang 1982; Scholtz 
et aI., 1991; Kaewkes, 2003) were separated into a Petri dish containing 
0.85% saline until they were used for the animal infections, always 
within 12 hr of isolation from the fish. 
Animal infections 
All animal-experiment protocols followed the animal care guidelines 
of the Research Institute in Aquaculture No. 1. and were approved by 
the Research Director. Three-week-old out-bred Swiss mice (Mus mus-
culus) were obtained from the Center of Research and Production of 
Experimental Animals at the National Institute for Hygiene and Epi-
demiology in Hanoi, Vietnam. Day-old chickens (Gallus gallus dom., 
strain: Tam Hoang) were obtained from the Department of Parasitology 
at the National Institute of Veterinary Research, Hanoi. Fecal parasi-
tological examination of the mice, prior to use, revealed infections only 
with pinworms (species not determined). The metacercariae were gav-
aged using a 20-gauge feeding tube into animals lightly sedated with 
diethyl ether. For recovery of the adult flukes, the animals were killed 
either by cervical dislocation (mice) or administration of an overdose 
of diethyl ether (chickens). Their small intestine was removed, opened 
in 0.85% saline in a glass beaker, and the contents separated by swirling 
the intestine. The contents were allowed to settle, and the supernatant 
was poured off. This washing step was repeated until the supernatant 
was almost clear; it was then poured into a Petri dish containing 0.85% 
saline and examined using a stereomicroscope. The adult flukes were 
separated and pooled in a Petri dish containing 0.85% saline; the worms 
were fixed by pipetting'lnto near-boiling water, then removed after ap-
proximately 10 sec and stored in 5% formalin until stained for identi-
fication. Adult flukes from each mouse or chicken group were pooled, 
and 10 flukes were randomly selected and stained for approximately 15 
min in Meyer's hematoxylin and identified using the key developed by 
Pearson and Ow-Yang (1982). The length and width of the fluke and 
its oral and ventral sucker, along with the number and size of eggs 
present, were used as a measure of the development stage (age) of the 
adult flukes. 
Comparisons of mice and chickens for their suitability as an experi-
mental host, and the determination of the effect of metacercariae dosage 
on adult worm development, were investigated in Experiment 1, in 
which all adult flukes were recovered at day 5 post-infection (PI). Be-
cause mice proved to be a more-suitable experimental host for H. pum-
ilia in Experiment 1, only mice were used in Experiment 2, which was 
designed to determine the optimal day PI for recovering the largest 
number of adult flukes. Mice were divided into 4 groups of 10 individ-
uals, and each group was intubated with 100 metacercariae. One group 
was then necropsied for recovery of adult flukes at 5, 7, 9, and II days 
PI. One mouse died at day 9 PI, presumably due to trauma suffered by 
oral gavage. 
Data analysis 
Optimal metacercaria dosage size is defined as the number of meta-
cercariae producing both the highest recovery (number) of adult flukes 
and the highest percentage of infections in an animal host group. Total 
fluke recovery, logarithmically transformed [In(x + 1)], was compared 
between animal host species and dosage using a 1- or 2-way analysis 
of variance (ANOVA). Mean values of log-transformed fluke recovery, 
and their 95% confidence intervals (CI), were back-transformed to the 
original scale (for convenience, the back-transformed mean value is 
referred to as the geometric mean). The number of adult flukes recov-
ered was divided by the actual metacercariae dosage to yield the pro-
portion recovered. For comparison of these proportions, the fate of each 
metacercaria (i.e., found as an adult or not recovered) was compared 
between the 4 metacercariae dosages or animal host species using Chi-
square values from cross-tabulations. Logistic regression (Hosmer and 
Lemeshow 1989) was used to analyze the 2 factors and possible inter-
action between them. Host animals were scored as infected (at least 1 
adult fluke recovered) or negative, and the effect of dosage and host 
species on infection prevalence was analyzed using logistic regression. 
In Experiment 2, prevalence of infection in hosts was compared, over 
time, by Chi-square tests. Adult fluke counts (log-transformed) and 
measurements of flukes were compared, among days, using a I-way 
ANOVA, and post hoc comparisons were done with the Scheffe test 
(Scheff6, 1953). P-values <0.05 were used to indicate significant dif-
ferences. 
RESULTS 
Identification of adult flukes 
Confirmation of metacercarie identification was made on 
adult worms recovered in Experiment 2. From each day of re-
covery PI, 10 adult flukes were randomly selected for staining 
to verify the identification of the metacercariae as H. pumilia. 
The identifications were made based on the general morpho-
logical traits typical for H. pumilia, i.e., the presence of a cen-
tral group of 32-40 sclerites on the ventral sucker in the ventro-
genital complex. Of the 40 randomly selected stained adult 
flukes recovered from experimentally infected mice, 33 could 
be clearly identified as H. pumilia. In the remaining 7 flukes, 
either the presence of eggs covering the ventro-genital complex, 
or the quality of the stained specimens, made it impossible to 
make a firm identification. These findings confirmed that the 
metacercariae used for the inoculation experiments were nearly 
all, if not completely, H. pumilia. 
Optimal experimental host and infection dosage 
In Experiment 1, from the number of flukes recovered at day 
5 PI, the proportion of metacercariae recovered as adults and 
the proportion of animals with infections was higher in mice 
than in chickens (P < 0.001) at all metacercariae dose sizes 
(Table I). The proportion of metacercariae recovered as adults 
increased with metacercariae dose in mice (P < 0.001), al-
though this recovery was very similar at dosages of 20 and 30 
metacercariae. Recovery differed significantly between meta-
cercariae dosages in the chicken, but the trend was less obvious; 
the adult worm recovery increased with metacercariae dose in 
both host species, but the pattern was different in mice and 
chickens, as indicated by a significant interaction term (2-way 
ANOVA P < 0.001) 
Optimal time interval for worm recovery 
In Experiment 2, the proportion of metacercariae recovered as 
adult flukes was significantly higher at day 7 PI than at days 5, 
9, and 11 PI (Table II). At days 7 and 9 PI, all intubated mice 
were infected. The developmental stages of the adult flukes re-
covered at these different time intervals are shown in Table III. 
The sizes of the fluke lengths and widths, and the ventral and 
oral sucker diameters, were significantly smaller at day 7 PI as 
compared to day 9 PI. As early as day 5 PI, eggs were present 
in flukes in 9 of 10 mice and in 7 of 10 chickens at day PI. All 
flukes recovered at days 9 PI and 11 PI were gravid. 
DISCUSSION 
Our results from the experimental infections with H. pumilia 
clearly show that mice are superior to chickens in terms of high 
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TABLE I. Comparison of adult fluke-infection outcomes from inoculation of Haplorchis pumilia metacercariae (MC) in mice and chickens at 5 
days post-infection. * 
No.MC Meant no. adults recovered Median proportion of MC Proportion of animals 
Host inoculated (95% CI) recovered as adults (range) with adult worms 
Mice 10 0.34 (-0.05-0.88) 0.00 (0.00-0.20) 0.30 
20 2.79 (1.45-4.85) 0.21 (0.00-0.57) 0.80 
30 4.75 (3.01-7.24) 0.19 (0.00-0.52) 0.95 
40 9.90 (6.39-15.08) 0.35 (0.09-0.65) 1.00 
P-value:j: (dose response) 
Chickens 10 
<0.001 
0 
<0.001 <0.001 
0 0.00 
20 0.94 (0.35-1.78) 0.05 (0.00-0.38) 0.53 
30 1.81 (0.40-4.64) 0.04 (0.00-0.41) 0.70 
40 2.25 (0.91-4.53) 0.08 (0.00-0.16) 0.80 
P-value:j: (dose response) <0.01 <0.001 <0.01 
* Worm burdens and proportion of experimental hosts infected were significantly higher in mice than in chickens (P < 0.05). 
t Geometric mean. 
:j: I-way analysis of variance or Chi-square test. 
recovery of adult worms and their development. Sommerville 
(1982) was the first to report infection of mice with H. pumilio, 
but was unsuccessful in infecting 3- to 7-day-old chickens. 
However, as in our investigation, Umadevi and Madhavi (2006) 
were able to infect day-old chickens, indicating host age may 
be an important factor. Infectivity to 2-wk-old chickens is also 
reported for H. taichui, indicating species differences within 
species of Haplorchis (Kumchoo et al., 2003). 
At a dose of 100 metacercariae, adult worm recovery, as a 
proportion of the number of metacercariae inoculated, was max-
imal at day 7 PI and then declined, although gravid worms were 
still present at day 11 PI at the end point of the experiment. 
Sommerville (1982) recovered gravid flukes from mice begin-
ning at days 3-4 PI, although only about 40% had eggs; the 
longevity of the flukes was not determined. Similatly, longevity 
studies on H. pumilio in chickens have not been done; however, 
the data from longevity studies in other species of the Haplor-
chinae (Pearson and Ow-Yang, 1982) are of interest. Martin 
(1958) reported that Stellantchasmus falcatus persisted in cats 
for at least 44 days, and H. taichui lasted up to 48 days in 
chickens (Kumchoo et al., 2003). This suggests that the turn-
over of intestinal heterophyid flukes may not be brief and that 
their persistence may be dependent on host species and worm 
infrapopulation size. The decline in the number of recovered 
TABLE II. Recovery of Haplorchis pumilia adults from mice at different 
days post-infection (PI) with 100 metacercariae (MC). 
Day of 
fluke 
recovery No. of 
PI mice 
5 10 
7 10 
9 9 
11 10 
P-value 
No. of flukes 
recovered 
(GM* and 95% CI) 
12.75 (4.10-36.06) 
38.19 (31.69-45.99) 
10.58 (4.81-22.1) 
9.26 (3.13-24.50) 
<0.05t 
* GM = geometric mean. 
t I-way ANDV A. 
:j: Chi-square test; NS = not significant. 
Proportion 
Median proportion of hosts 
of MC recovered with adult 
as adults (range) flukes 
0.17 (0.00-0.53) 
0.41 (0.25-0.54) 
0.11 (0.01-0.33) 
0.18 (0.00-0.43) 
<0.00l:j: 
0.90 
1.00 
1.00 
0.90 
NS:j: 
adult flukes in this study after day 7 PI may be due to the 
initiation of immune-mediated expulsion ("self-cure"), as de-
scribed for H. pumilio by Khalifa et aI. (1977), a phenomenon 
observed in many intestinal trematode and nematode infections 
(Chai et al., 1984; Yu and Mott, 1994; Toledo et aI., 2006; Chai, 
2007; Maruyama and Nawa, 2007). Alternatively, the large 
number of worms occurring at day 7 PI may have compromised 
the survival of some of the worms through density-dependent 
competition for resources, as has been reported for other intes-
tinal parasites (Keymer, 1982; Smith, 1987; Elkins et aI., 1991). 
A crowding effect may also be responsible for the higher re-
covery of adults at a metacercariae dose of 40 than at 100 (0.35 
compared to 0.17). The reduction in adult worm size we ob-
served at day 7 PI, and the rebound in size apparent at day 9 
PI, may reflect the impact of one, or both, of these conditions. 
Further refinement' of this mouse model for intestinal fluke in-
fections should address the longevity of adult flukes and the 
impact of infrapopulation intensity, especially on intestinal pa-
thology and the initiation of a possible immune expUlsion event. 
This aspect is relevant to human infections, in which large var-
iations in intestinal worm burdens are common (Anderson and 
May, 1985; Wakelin, 1994). 
The mouse model described in this report meets many of the 
requirements for laboratory investigations on the basic and clin-
ical aspects of Haplorchis spp. infections and possibly for other 
heterophyid trematodes. However, this model can be further im-
proved. For example, other strains of mice, including inbred 
strains, should be evaluated for susceptibility, worm develop-
ment and fecundity, and longevity. Depending upon the nature 
of the host-parasite interactien of interest, some strains of mice 
may be more useful than others, as is often the case with in-
vestigations on host immunity (Chai et al., 1984; Wakelin, 
1994). For the investigation of suitable snail hosts, snail infec-
tion, and cercariae emergence dynamics, this host model can 
provide the fluke eggs needed for snail infections. Methodolog-
ically, we also recommend (for animal welfare reasons) that 
diethyl ether be replaced by isoflurane for anaesthesia, which 
would be less irritating for the respiratory pathways of the 
mouse and have no affect on infection outcome. 
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TABLE III. Measurements (!-Lm) of adult Haplorchis pumilio and their eggs recovered from mice at days 5, 7, 9, and II post-infection (PI). 
MeasUJement Day 5 Day 7 Day 9 Day II P-value* 
Body length 506.9 :!: 32.5 416.2 :!: 65.8t 521.2 :!: 30.0 502.9 :!: 42.5 <0.01 * 
Body width 231.0 :!: 68.6 144.3 :!: 18.2t 241.2:!: 39.1 274.9 :!: 87.0 <0.01 * 
Ventral sucker, length 119.8 :!: 20.4 88.2 :!: 13.5t 122.4 :!: 14.4 131.8 :!: 20.1 <0.01 * 
Ventral sucker, width 103.5 :!: 17.1 75.5 + I\.6 91.8 :!: 19.6 106.3 :!: 31.3 <0.05* 
Oral sucker, length 95.4 :!: 12.9 95.9 :!: 13.3 101.5 :!: 9.6 101.5 :!: 7.8 NS* 
Oral sucker, width 115.8 :!: 11.3 115.8 :!: 8.8 110.2 :!: 9.6 136.7 :!: 12.3t <0.01 * 
Egg length 67.4 :!: 1.7 64.8 :!: 5.9 66.8 :!: 3.2 67.3 + 2.3 NS* 
Egg width 41.9 :!: 1.7 42.3 :!: 4.5 45.4 :!: 3.6 45.9 :!: 3.4 NS* 
Median no. of eggs (range) 40 (0-50) IS (0-50) 100 (6--100) 100 (50-100) <0.001:j: 
* I-way ANOVA; NS = not significant. 
t This gronp differs significantly from at least one of the others. On day 5 PI, I fluke had no eggs and on day 7 PI, 3 flukes had no eggs. 
t Kruskal Wallis rank test. 
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LARVAL PSEUDOPROLEPTUS SP. (NEMATODA: CYSTIDICOLIDAE) FOUND IN THE 
AMAZON RIVER PRAWN MACROBRACH/UM AMAZON/CUM 
(DECAPODA: PALAEMONIDAE) IN BRAZIL 
Frantisek Moravec and Claudia P. Santos* 
Institute of Parasitology, Biology Centre of the Academy of Sciences of the Czech Republic, Branisovska 31, 37005 Ceske Budejovice, 
Czech Republic. e-mail: moravec@paru.cas.cz 
ABSTRACT: Previously undescribed infective larvae of the cystidicolid nematode Pseudoproleptus sp. (probably conspecific with 
the nematode originally described as Heliconema izecksohni Fabio, 1982, a parasite of freshwater fish in Brazil), were found 
encapsulated in the hemocel of the Amazon river prawn Macrobrachium amazonicum (Heller) (Decapoda: Palaemonidae) from 
the natural canals on the Mexiana Island (Amazon River Delta), Para State, Brazil. The prevalence in prawns (body length 48-
110 mm) examined in January and Mru;ch 2008 (n = 44) was 32%, with an intensity of 1-6 (mean 2) larvae per crustacean. 
The nematode larvae (body length 19.7-25.7 mm), characterized by the cephalic end provided with a helmet-like cuticular 
structure having a thickened free posterior margin, are described based on light and scanning electron microscopy. Apparently 
prawns playa role as intermediate hosts for this nematode species. This is the first record of a larval representative of Cystidi-
colidae in South America and the first record of a species of Pseudoproleptus Khera, 1955, in the Neotropics. Heliconema 
izecksohni is transferred to Pseudoproleptus as Pseudoproleptus izecksohni (Fabio, 1982) n. comb. 
The suborder Spirurina includes a large and diverse group of 
nematodes that use arthropods as intermediate hosts (Chabaud, 
1974). Generally their infective stage is the third-stage larva 
developing in the intermediate host, even though several cases 
of precocious development in the latter have been described 
(Anderson, 2000). The identification of these larvae is usually 
problematic, because the development and larval morphogen-
esis of the majority of described species remain unknown (Mo-
ravec et al., 2003). Moreover the taxonomy of adults within 
many spirurine families is unsatisfactory (Moravec, 2007). 
During recent parasitological investigations carried out on 
Mexiana Island, the Brazilian Amazon, numerous larval spiru-
rines were collected 'from the hemocel of the American river 
prawn Macrobrachium amazonicum (Heller). These are de-
scribed herein. 
Macrobrachium amazonicum is the South American prawn 
with the greatest potential for aquaculture. It is widely distrib-
uted in estuaries, but mainly in interior freshwater habitats, 
from Venezuela to Argentina. In northern and northeastern Bra-
zil, M. amazonicum is very important to artisan fisheries, and 
since 2001 a multidisciplinary and multi-institution program 
has developed technology for its aquaculture in Brazil; its de-
velopment and growth in ponds are rapid, and its survival rate 
is high, as well as its high resistence to disease (Araujo and 
Valenti, 2007). 
MATERIALS AND METHODS 
The prawns were collected by local fishermen using nets in natural 
canals at Fazenda Santo Ambrosio (00005'30"S, 49°34'50"W), Mexiana 
Island (Amazon River Delta), Para State, Brazil in January and March 
2008; a total of 44 specimens (body length 45-110 mm) were necrop-
sied (license IBAMA 005-2007). The crustaceans were killed by de-
capitation, and their bodies were cut open and examined for the pres-
ence of encapsulated nematode larvae using a dissecting microscope. 
In a Petri dish containing physiological saline, the larvae were dissected 
from their capsules using preparation needles and fixed in hot 4% form-
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aldehyde solution. For examination by light microscopy, the larvae were 
cleared in glycerin. Drawings were made with the aid of a Zeiss mi-
croscope drawing attachment. After examination the specimens were 
transferred to 70% ethanol for storage. For scanning electron micros-
copy (SEM), 3 formalin-fixed larvae were post-fixed in 1% osmium 
tetroxide in phosphate buffer, dehydrated through a graded acetone se-
ries, critical-point dried, and sputter-coated with gold. They were ex-
amined using a mOL ISM-7401F scanning electron microscope at an 
accelerating voltage of 4 kY. All measurements are in micrometers un-
less otherwise stated. 
DESCRIPTION 
Pseudoproleptus sp. third-stage larvae 
(Figs. 1,2) 
Larvae (based on 11 specimens): Body filiform, yellowish, 19.71-
25.65 mm long and 163-190 wide. Cuticle thick, with transverse stri-
ations (Fig. 2C, F, G). Anterior end of body with helmet-like cuticular 
structure having thickened free posterior margin (Figs. lA, B, 2A, C, 
F); length of anterior end with this structure 39-45, maximum width 
of cuticular structure 60-72. Cephalic end rounded, with 2 distinct con-
ical pseudolabial terminal protrusions 3 long (Figs. lA, B, 2C, D). Oral 
aperture slit-like, laterally depressed, surrounded by 4 large submedian 
labia (2 dorsolateral and 2 ventrolateral). Sublabia well developed, each 
modified to consist of small inner tooth-like plate and outer elongate 
part extending along inner side of respective labium; in apical view, 
outer parts of sublabia narrowed proximally and gradually widening 
toward their broadly rounded distal ends, exceeding shortly dorsal and 
ventral comers of labia. Lateral pseudolabia rather small, each provided 
with distinct conical terminal protrusion; in apical view, flat inner parts 
of pseudolabia somewhat dorsoventrally expanded, forming 2 (1 dor-
solateral and 1 ventrolateral) extensions on each; inner margins of both 
pseudolabia dorsoventrally straight, parallel to each other. Eight sub-
median cephalic papillae arranged in 2 circles and pair of lateral am-
phids present; 4 papillae of external circle much larger than those of 
internal circle (Figs. IF, 2B). Length of labia and pseudolabia including 
anterior pseudolabial protrusions 9-15. Vestibule (stoma) long, with 
small, indistinct anterior prostom visible in lateral view (Figs. lA, B); 
length of vestibule including prostom 165-189, prostom 3-15 long and 
3-15 wide. Length of muscular esophagus 804-930, width 15-21; 
length of glandular esophagus 3.66--4.27 mm, maximum width 57-66; 
length ratio of muscular and glandular parts of esophagus 1:4.1-4.8 
(Fig. 10); length of entire esophagus and vestibule represents 20-24% 
of total body length. Nerve ring and excretory pore 249-282 and 530-
558, respectively, from anterior extremity (Figs. 10, E). Oeirids claw-
shaped, situated at about level of posterior end of esophagus, 174-195 
from anterior end of body (Figs. lA, B, 2F-H). Tail conical, 135-180 
long, with small knob-like terminal projection 3-6 long (Figs. 1G, 21). 
Genital primordium indistinct. 
Cyst morphology and infection prevalence: The nematode larvae 
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FIGURE 1. Third-stage larva of Pseudoproleptus sp. from M. amazonicum. (A, B) Anterior end, lateral and dorsoventral views. (C) Cephalic 
end, apical view. (D) Anterior (esophageal) part of body, lateral view. (E) Same, larger magnification. (F) Region of mouth, apical view. (G) 
Tail, lateral view. Bars = 5 fLm (F), 10 fLm (C), 50 fLm (A, B), 100 fLm (G), 200 fLm (E), and 300 fLm (D). 
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were found encapsulated in the body cavity (hemocel) of prawns, im-
mediately posterior to gills. The thin, membranous capsules were oval 
to spherical, each containing a single larva; the bodies of live larvae 
were yellowish and coiled inside the capsule. The prevalence in prawns 
(n = 44) was 32%, with an intensity of 1-6 (mean = 2) nematodes per 
crustacean. The most heavily infected (harboring 6 larvae) was a prawn 
with a body length of 100 mm, whereas the smallest infected prawn 
(containing 2 larvae) was 60 mm long. 
Taxonomic summary 
Host: Amazon river prawn, Macrobrachium amazonicum (Palaemon-
idae: Decapoda: Crustacea). 
Site of infection: Encapsulated in body cavity (hemocel). 
Locality: Natural canals at Fazenda Santo Ambrosio, Mexiana Island 
(Amazon River Delta), Para State, Brazil (collected in January and 
March 2008). 
Deposition of specimens: Helminthological Collection of the Instituto 
Oswaldo Cruz (CHIOC), Rio de Janeiro (catalog no. 35613); Helmin-
thological Collection of the Institute of Parasitology, Biology Centre of 
the AS CR, in Cesk€ Budejovice (catalog no. N-909). 
DISCUSSION 
Although the nematode larvae from Brazilian prawns some-
what resemble representatives of the Physalopteridae (Prolep-
tinae) in having a cephalic cuticular inflation, the presence of 
a long, well-sclerotized vestibule and especially the structure of 
the mouth clearly show that they belong to the habronematoid 
Cystidicolidae. The taxonomy and classification within the lat-
ter family, presently including 24 recognized genera and many 
species (Moravec and Klimpel, 2009), are very complicated. 
The genera in this nematode group are frequently distinguished 
by details in the structure of the mouth, often visible only using 
SEM (Moravec, 2007); in contrast, each genus and species is 
characterized by a l!nique mouth structure, which is similar in 
both adults and conspecific infective larvae, as reported, e.g., 
for the cystidicolid Salmonema ephemeridarum (Linstow, 1872) 
(see Frantova and Moravec, 2003, 2004). 
A remarkable feature of larvae in the present material is the 
presence of a cephalic helmet-like cuticular structure. Within 
the Cystidicolidae, a similar cephalic cuticular structure, des-
ignated as helmet- or hood-like, has been reported only in spe-
cies of Pseudoproleptus Khera, 1955, parasites of freshwater 
fishes, and 3 other species described from marine or migratory 
fishes as Cyclozone acipenserina Dogiel, 1932, Ascarophis col-
laris Petter, 1970, and Collarinema triglae Sey, 1970 (see, e.g., 
Petter, 1970; Sey, 1970; Margolis, 1975; Vismanis et al., 1987). 
Another species possessing this feature was originally consid-
ered a representative of the Physalopteridae and described as 
Heliconema izecksohni Fabio, 1982; this species, which occurs 
in the stomach of the freshwater fish Hoplias malabaricus 
(Bloch) in Brazil, was later transferred to Cystidicolidae and 
provisionally assigned to Cystidicoloides Skinker, 1931 (see Fa-
bio, 1982; Moravec et aI., 2008). 
The gross morphology of the 2 above-mentioned forms from 
marine fishes (A. collaris and C. triglae) (that of C. acipenser-
ina from catadromous acipenserids is different) is much the 
same as that of the Pseudoproleptus spp. from freshwater fishes, 
and none of them has so far been studied by SEM. Therefore, 
Margolis (1975) suggested, for the time being, neither to trans-
fer them to Pseudoproleptus nor to synonymize Collarinema 
Sey, 1970, with this genus unless the detailed structures of the 
mouth are known. We agree with this proposal. 
Margolis (1975) reviewed species of Pseudoproleptus (syn. 
Notopteroides Chakravarty et Majumdar, 1962) and re-diag-
nosed this genus; he included in it 5 nominal species described 
from freshwater osteoglossiform and synbranchiform fishes No-
topterus notopterus (Pallas), Notopterus chitala (Hamilton), and 
Mastacembelus armatus Day in India, I species from N. chitala 
in South Vietnam, and I from Mormyrops sp. (Mormyridae, 
Osteoglossiformes) from central Africa. He suspected that all 
Indian representatives, except for Pseudoproleptus alatus (Ma-
jumdar, 1965), represented a single species. The single Indian 
species (Pseudoproleptus vestibulus Khera, 1955) was later also 
recorded from Bangladesh (Khanum and Parveen, 1997; Arthur 
and Ahmed, 2002), and an additional 5 new, inadequatly de-
scribed congeneric species have been reported from India (Gup-
ta and Bakshi, 1984; Gupta and laiswal, 1988; Sood, 1989). 
The detailed mouth structure of the majority of Pseudopro-
leptus species is unknown. The only species in which it was 
studied by SEM is Pseudoproleptus notopteri (Karve et Naik, 
1951) from N. notopterus in India (De, 1987); even though the 
quality of published SEM micrographs was low, they indicate 
a very similar mouth structure to that found in the larvae from 
prawns in Brazil, particularly in the structure and shape of sub-
labia, each consisting of a small inner tooth-like plate and an 
outer elongate part exceeding labia, as visible in Figures 2 and 
3 of De (1987). In addition, en face views of the cephalic ends 
of Pseudoproleptus lamyi Le-Van-Hoa and Bui-Thi Lien-
Huong, 1969, from Vietnam and Pseudoproleptus africanus 
Khalil, 1973, from Zaire, both studied by light microscopy (Le-
Van-Hoa and Bui-Thi Lien-Huong, 1969; Khalil, 1973), show 
similarity (the presence of unusually elongated sublabia) to the 
Brazilian larvae. Consequently, based on the structure of the 
cephalic end of the larvae from M. amazonicum and the fact 
that they occur in a freshwater prawn, make it possible to place 
them in Pseudoproleptus. 
So far no species of Pseudoproleptus has been reported from 
fishes in the Americas. However, the above-mentioned, inade-
quately described species H. izecksohni Fabio, 1982, from H. 
malabaricus in Brazil, recently provisionally transferred to Cys-
tidicoloides Skinker, 1931, by Moravec et al. (2008), differs 
from other Cystidicoloides spp. as to the cephalic cuticular in-
flation. Its cephalic formation is helmet-like, typical of Pseu-
doproleptus, whereas that of Cystidicoloides spp. is represented 
by a somewhat more posteriorly inflated cuticle forming some-
times a cuticular collarette. Both genera differ in the structure 
of the mouth, although this has not yet been studied in H. iz-
ecksohni. Attempts to borrow the type specimens of H. izeck-
sohni were unsuccessful (see Moravec et aI., 2008). Neverthe-
less, "H." izecksohni should be placed in Pseudoproleptus as 
Pseudoproleptus izecksohni (Fabio, 1982) n. comb. based on 
the presence of a cephalic helmet-like formation and some other 
features. It is probable that the larvae from M. amazonicum 
belong to this species. This is supported by relatively large mea-
surements of the larvae and by the fact that H. malabaricus 
commonly occurs in the locality where the infected prawns 
were collected. However, 3 small H. malabaricus examined, 
12-18 cm long, were not found to harbor this nematode. 
Although representatives of Pseudoproleptus have so far 
been reported only from fishes in South Asia and Africa (see 
above), the presence of a congeneric species in South America 
is not exceptional among nematodes parasitizing freshwater 
fishes. For example, numerous species of Camallanus Railliet 
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and Henry, 1915, Rhabdochona Railliet, 1916, or Spinitectus 
Fourment, 1884, occur in fishes of Eurasia, Africa, and the 
Americas, and representatives of Nilonema Khalil, 1960, are 
found in both Africa and South America. It is interesting that 
both in Asia and Africa the most frequently reported hosts of 
Pseudoproleptus spp. are osteoglossiform fishes (Notopterus, 
Mormyrops) (see Margolis, 1975). Although adult P. izecksohni 
were recorded from a characoid fish (H. malabaricus) in Brazil, 
it cannot be excluded that this is only a subsidiary host for this 
nematode. Osteoglossiform fishes, Arapaima gigas (Schinz) 
and Osteoglossum bicirrhosum Vandelli, currently occur in the 
locality from where infected prawns were collected; recent ex-
amination of 30 specimens of the former fish (Santos and Mo-
ravec, 2009) did not reveal any Pseudoproleptus sp. nematodes, 
while the latter species has not yet been examined from this 
locality. 
The life cycles of nematodes belonging to the Cystidicolidae 
remain little known (Anderson, 2000; Moravec, 2007), and, to 
date, there are no data on the development of any species of 
Pseudoproleptus. The intermediate hosts of most cystidicolids 
studied are various crustaceans, only in the freshwater species 
S. ephemeridarum; these are exclusively ephemeropterans (In-
secta). In freshwater species of Spinitectus, the intermediate 
hosts are either nymphs of aquatic insects (largely ephemer-
opterans) or freshwater shrimps (Crustacea). Generally the 
nematode larvae attain the third infective stage in the inter-
mediate host, which is infective for the fish definitive host (Mo-
ravec, 2007). Apparently the prawn M. amazonicum plays the 
role of intermediate host for Pseudoproleptus sp. It is the first 
record of an intermediate host of a cystidicolid species in the 
freshwater environmen! of South America and, indeed, the Neo-
tropics. 
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ANISAKID PARASITES OF FISHES CAUGHT ON THE AFRICAN SHELF 
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ABSTRACT: Anisakids of Scomber japonicus, Trachyrincus scabrus, Sardina pilchardus, Merluccius polli, Trachurus trachurus, 
and Hoplostethus cadenati from African shelf are reported. Parasites were extensively studied with respect to their morphology 
and sequence analysis of the rDNA fragment (containing internal transcribed spacer [ITS]-I, S.8S subunit and ITS-2); all of them 
are approximately 1,000 base pairs. Digestion of the amplified region and its sequencing revealed the presence of a sibling species 
(A, simplex s.s. and A. pegreffii). Still other sequences represented closely related, but not sibling, species, i.e., Anisakis brevi-
spiculata, A. ziphidarum, and A. physeteris; there were also 2 undescribed anisakid species. These species were temporarily 
described as Anisakis sp. HC-200S and Anisakis sp. MP-200S (found, respectively, in Hoplostethus cadenati and Merluccius 
polli). The study shows that the parasitic fauna of fishes reflects not only the geographic range of anisakid nematodes but also 
the feeding behavior of the hosts serving as links in the parasites' life cycles. 
Members of the Ascaridoidea Chabaud, 1965 (Hartwich, 
1974) (Nematoda: Secernantea) are widespread around the 
world, The ascaridoids are represented morphologically by 
worms with 3 labia (Hartwich, 1974). Some of the species, for 
example, Anisakis simplex (Rudolphi, 1809) or Contracaecum 
rudolphii (Hartwich, 1974), are considered cosmopolitan (An-
derson, 1992). 
Many parasitic helminths are of major socioeconomic im-
portance because of the diseases they cause in humans and oth-
er animals (van Thiel, 1962; Mercado et aI., 2001; Besproz-
vannykh et aI., 2004), The Ascaridoidea include several species 
that are of veterinary, medical, and economic importance. Some 
of them are parasites of hosts associated with marine and fresh-
water environments, including fish, mammals, and fish-eating 
birds. Adult forms of most of these parasites live in the ali-
mentary tract of a specific vertebrate host and the life cycles of 
numerous taxa involve the development of larval stages in one, 
or more, intermediate hosts (Anderson, 1992). 
Ascaridoids have been studied extensively with respect to 
their morphology (Fagerholm, 1988), life cycles:(K0ie, 1993; 
K0ie and Fagerholm, 1995), population genetics (Anderson, 
1995; Anderson and Jaenike, 1997), and taxonomy. Research 
in the latter 2 areas has been greatly influenced by the use of 
rDNA (Kijewska et aI., 2000; Szostakowska et aI., 2002; Pontes 
et aI., 2005) and mitochondrial DNA (Nadler and Hudspeth, 
2000; Valentini et aI., 2006); ascaridoid phylogeny has been 
investigated as well (Nadler and Hudspeth, 2000; Nadler et aI., 
2005), The distribution of Anisakis spp, larvae identified by 
genetic markers has even been used as a technique with which 
to identify fish stocks (Mattiucci et aI., 2007). 
The traditional classification of nematodes is based on vari-
ous morphological and anatomical criteria and will vary ac-
cording to subjective selection of diagnostic characters. Re-
cently, molecular techniques, such as polymerase chain reaction 
(PCR), restriction fragment length polymorphism (RFLP), and 
single strand conformational polymorphism have been used by 
systematists, with PCR rapidly becoming a standard technique 
in the differentiation of species (Kijewska et aI., 2002; Nadler 
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et aI., 2007; Szostakowska and Fagerholm, 2007). In earlier 
studies, the 5.8S region of rDNA and 2 flanking internal tran-
scribed spacers, ITS-l and ITS-2, were the target of amplifi-
cation (Jacobs et aI., 1997; Zhu et aI., 1998). The selection of 
the region was motivated by the presence of both a conserved 
section (the gene coding for 5.8S RNA) and the highly variable 
flanking fragments (the internal transcribed sequences ITS-l 
and -2). An analysis of sequences including rRNA makes it 
possible to identify even sibling species. 
The present study involves the parasites of fish species from 
the coastal shelves of Mauritania and Morocco. Previous studies 
concerned with fish species and their parasites were sampled 
from the Atlantic coasts of northwestern Africa (Farjallah et aI., 
2008; Mattiucci et aI., 2008). The aim of present study was to 
extend knowledge regarding the distribution of anisakid species 
along the West African coast and to determine the relation be-
tween the Anisakis species' larval occurrence and their paraten-
ic hosts' depth range. 
MATERIALS AND METHODS 
Fish samples, including chub mackerel (Scomber japonicus), rough-
snout grenadier (Trachyrincus scabrus), European pilchard (Sardina pil-
chardus), Benguela hake (Merluccius polli), Atlantic horse mackerel 
(Trachurus trachurus), and black slimehead (Hoplostethus cadenati), 
were collected from the northwest African shelf between Morocco and 
Mauretania (FAO 34: sub-areas 1.11-1.31) between February 2004 and 
June 200S. All the fish were examined for the presence of nematodes. 
The third-stage larval morphological diagnostic characters in all cases 
included body length and width, as well as the ventriculus length to 
width ratio. The absence or presence of the mucron was additionally 
considered as one of the most distinct larval anisakid traits (Moravec, 
1994). The nematodes found were fixed in either 70% ethanol or 70% 
ethanol with S% glycerol. 
Primers NCS S'-GTAGGTGAACCTGCGGAAGGATCATT-3' and 
NC2 S'-TTAGTTTCTTTTCCTCCGCT-3' (Zhu et aI., 1998) were used 
for amplification of the rDNA region containing ITS-I, S.8S rRNA 
gene, ITS-2, and approximately 70 base pairs (bp) of the 28S rRNA 
gene. Two additional internal primers were used for sequencing: Nc 13 
(reverse, S'-ATCGATGAAGAACGCAGC-3'; Zhu et aI., 1998) and 
Anc13 (forward, S'-CTTAGTGCTCAATGTGTCTG-3'). 
Each PCR was performed in a total volume of SO I.d containing 1 X 
PCR buffer (Finnzymes, Espoo, Finland), approximately 2 ng of iso-
lated DNA, 1 unit of DyNAzyme II DNA Polymerase (Finnzymes), 
dNTPs (at 2S0 J.LM each), and primers at 1 J.LM each. 
The PCR amplification conditions were as follows: 30 cycles with 
30-sec denaturation at 94 C (S min in the first cycle), 30-sec annealing 
at 60 C, and 4S-sec extension at 72 C (S min in the last cycle). PCR 
products (S J.Ll) were digested with I U of each restriction endonuclease 
(TaqI, AluI, RsaI, and BsuRI) in a lO-J.LI volume. 
The amplified DNA fragments were separated on a I % standard aga-
rose gel (Promega, Madison, Wisconsin). The digested products were 
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FIGURE 1. Internal transcribed spacer region-derived maximum parsimony (MP) tree for the anisakids representing all species found in this 
study. Strict consensus of 5 equally parsimonious trees. Trees inferred using unweighted MP after excluding gaps and missing data. GenBank 
sequences used on tree: A. pegreffii, AY826720; Anisakis sp. "greateramberjack," AB246367; A. simplex, AJ937671; A. simplex, C AY826722; 
Anisakis sp. "TMTP-2oo3", AY260555; A. ziphidarum, AY826725; A. brevispiculata, AY826719; A. physeteris, AY603530; A. typica, AY826724; 
A. paggiae, EU624345; Anisakis sp. HP_C141, AY821749; Anisakis sp. PRP_140, AY821745; Anisakis sp. NES2013, AY821757; and Contra-
caecum osculatum, AJ937674. Other sequences of nematodes represent sequences obtained in the present study; they are described with full 
species names and codes applying to host species: TS, Trachyrincus scabrous; MP, Merluccius polli; HC, Hoplostethus cadenati; SJ, Scomber 
japonicus; Sp, Sardina pilchardus. 
separated on 4% NuSieve GTG agarose gel (Cambrex, East Rutherford, 
New York). DNA bands were UV-enhanced by ethidium bromide stain-
ing (Sambrook et al., 1989). Gel images were captured using a Video-
camera and an appropriate frame grabber (Scion Image for Windows 
beta 4.0.2, Scion Corporation, Frederick, Maryland). The <t>X174DNAf 
BsuRI (HaeIII) and pBR322/AluI were used as DNA markers (markers 
9 and 20, Fermentas, Vilnius, Lithuania). In each PCR product, its con-
centration (for amplicons only) and length were measured by image 
analysis software (ONE Dscan version 1.33, Scanalytics, Madison, Vir-
ginia). .~ 
Approximately 10 ng of PCR products for each species identified 
previously by RFLP were used per sequencing reaction. Sequencing 
was performed by Macrogen Inc. (Seoul, South Korea). The sequences 
obtained were assembled using the Staden Package version 2003.0-beta 
(Staden, 1996), aligned using ClustalW (version 1.81; Thompson et al., 
1994), and compared with those sequences used for primer construction 
to confirm the similarity of the amplified sequences. Subsequently, new 
sequences of ITS-1 and ITS-2 were deposited in GenBank: A. simplex 
(from Scomber japonicus), EU718471; A. brevispiculata (from Hoplo-
stethus cadenati), EU718472; A. ziphidarum (from Hoplostethus cad-
enati), EU718473; Anisakis sp. (from Hoplostethus cadenati), 
EU718474; A. physeteris (from Merluccius polli), EU718475; A. typica 
(from Merluccius polli), EU718476; Anisakis sp. similar to Anisakis sp. 
TMTP-2005 (from Merluccius polli), EU718477; c. osculatum B (from 
Sardina pilchardus), EU718478; and A. pegreffii (from Trachyrincus 
scabrus), EU718479. For Anisakis species similar to A. sp. TMTP-2003, 
primers 210 and 211 (Nadler and Hudspeth, 2002) were used to confirm 
the species identification. Amplicons of cytochrome oxidase II (cox2) 
were sequenced additionally and compared with the Anisakis sp. se-
quences deposited in GenBank. 
To construct a phylogenetic tree for ITS sequences, the alignment 
obtained with the use of ClustalX was adjusted manually. After exclud-
ed repeats, we believe the alignment was reliable because the few indels 
present did not affect the outcome. 
The tree was inferred through the use of unweighted maximum par-
simony (MP) using PAUP 4.0blO (Swofford, 1998). Gaps were treated 
as missing data in parsimony analyses. For the data set, heuristic MP 
searches were conducted using 1,000 replicates of random taxon addi-
tion with tree bisection and reconnection branch swapping. Bootstrap 
MP searches were conducted using the Branch-and-Bound method. 
Bootstrap MP trees were inferred using 1,000 replicates of the Branch-
and-Bound method. Contracaecum osculatum sequences were used to 
root the tree. Finally, the best 4 MP trees were condensed into a single 
tree. 
The pairwise distance calculation was conducted in MEGA4 (Tamura 
et al., 2007). There were a total of 409 positions in the final dataset. 
RESULTS 
One hundred and six fishes, including 5 chub mackerel 
(Scomber japonicus), 7 roughsnout grenadier (Trachyrincus 
scabrus), 30 Atlantic horse mackerel (Trachurus trachurus), 16 
black slimehead (Hoplostethus cadenati), 11 European pilchard 
(Sardina pilchardus), and 37 Benguela hake (Merluccius poZZi), 
were necropsied. 
The amplification of rDNA fragments (containing ITS-I, 
5.8S subunit, and ITS-2) revealed different amplicon lengths, 
characteristic of a few species belonging to the Anisakidae. 
Nevertheless, all of them were approximately 1,000 bp. The 
digestion of the amplified region revealed the presence of a few 
Anisakis species, including sibling species (A. simplex s.s. and 
A. pegreffii) and 2 other unknown species. Other sequences rep-
resented closely related, but not sibling, species, i.e., Anisakis 
brevispiculata, A. ziphidarum, and A. physeteris. 
The most distinct patterns obtained for the unknown species 
were revealed by digestion with TaqI endonuclease. The first 
species was further identified by sequencing as Anisakis sp.; it 
showed a pattern with 3 clear bands of 400, 220, and 180 bp. 
Digestion with RsaI produced 2 bands of 570 and 340 bp. The 
other species of Anisakis, known as TMTP-2003 (Pontes et al., 
2005), produced a distinct pattern when digested with restric-
tion endonucleases TaqI (3l3 [doubled] and 200 bp) and RsaI 
(570 and 300 bp). Contracaecum osculatum B, present in the 
European pilchard (Sardina pilchardus), was confirmed by 
comparing the sequences obtained with those deposited in 
GenBank. 
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TABLE I. Fish species included in the analysis. Asim, Anisakis simplex s.s., Apeg, A. pegreffii, Abre, A. brevispicuiata, Atyp, A. typica, Azip, A. 
ziphidarum, Asp, Anisakis sp. undecribed, ATMTp, Anisakis sp. "type TMTP-2003", species representing A. ziphidarum sister species but present 
in GenBank, Cosc, Contracaecum osculatum B. 
Host species 
Scomber japonicus 
Trachyrincus scabrus 
Sardina pilchardus 
Merluccius polli 
Trachurus trachurus 
Hoplostethus cadenati 
No. of examined fish 
5 
7 
11 
37 
30 
16 
Body location 
intestine 
pyloric caeca 
body cavity 
intestine 
stomach wall 
body cavity 
intestine 
pyloric caeca 
body cavity 
gonads 
intestine 
intestine wa11 
liver 
stomach wall 
stomach wall 
body cavity 
intestine 
liver 
pyloric caeca 
stomach wall 
For each species, the RFLP-based identification was verified 
by sequencing. Aligned sequences were compared with the se-
quences deposited in GenBank. The cox2 sequence of Anisakis 
sp. "type TMTP-2003" was recognized as being most similar 
to the sequence of Anisakis sp. SM-2005 (DQII6431). 
Although a high parasite species diversity was observed in 
Hoplostethus cadenati (6 species) and Merluccius polli (5 spe-
cies) (Fig. 1), Trachurus trachurus and Scomber jdponicus were 
found to support only Anisakis simplex s.s. The presence of a 
single species, Contracaecum osculatum B, was also identified 
in Sardina pilchardus. 
Almost all the nematodes species observed (7 species) were 
found in the body cavity of the fish examined. Exceptions in-
cluded 2 species, A. simplex s.s. and A. brevispiculata, which 
were found in other locations, i.e., A. simplex s.s. was present 
in the intestine, pyloric caeca, and the stomach wall, whereas 
A. brevispiculata was recovered from the pyloric caeca and 
stomach. The gonads, as well as the liver and intestine walls, 
were occupied by A. typica and the undescribed Anisakis spe-
cies (Anisakis sp. HC-2005 and Anisakis sp. MP-2005). Nu-
merous C. osculatum B were found in the pyloric caeca (except 
Trachyrincus 
scahrus 
0 § 0 I~ 0 N 
Scomber I I 
"aponicus IA. simplex s.s . 
0 0 0 8 0 :;:; 0 ..,. 
'" 
r-
No. of parasites in 
body location Parasite species 
4 Asim 
Asim 
22 Aphy; Apeg 
Aphy 
7 Aphy 
Cosc 
Cosc 
27 Cosc 
27 Aphy; Apeg; Atyp; ATMTP; Asp 
3 Apeg; Asp 
14 Aphy; Apeg 
II Apeg; Atyp 
19 Atyp; Asp 
40 Aphy; Apeg; Asp 
30 Asim 
4 Aphy; Atyp; Azip 
Aphy 
2 Asp 
4 Aphy; Abre 
18 Aphy; Abre; Asp 
for 2 individuals found in the body cavity and intestine). Ani-
sakis physeteris and C. osculatum B were the most abundant 
species, with both species usually present in the stomach wall. 
Other species were not so numerous but were evenly distributed 
in other locations; they also were often distributed in other fish 
species (Table I; Fig. 2). 
The tree obtained using MP (Fig. 1) revealed that the Ani-
sakis species were split into 2 major clusters. The first, includ-
ing A. simplex complex and A. ziphidarum together with Ani-
sakis sp. TMTP-2003 (from the Atlantic fish Aphanopus carbo), 
included species that were located on a well-supported, separate 
branch (bootstrap 94%). The MP analyses supported close re-
lationships for the Anisakis complex that included A. simplex 
s.s., A. pegre,/jii, and A. simplex C. This sister group also in-
cluded Anisakis spp. reported from the Pacific (Nadler et aI., 
2005), i.e., Anisakis sp. HP C141, Anisakis sp. PRP C140, and 
Anisakis sp. NES 2013, as well as Anisakis sp. "greatamber-
jack" (AB246367) from Seriola dumerili, a Pacific fish species. 
Another species, A. ziphidarum, was closely related to the A. 
simplex complex and grouped with Anisakis sp. "type TMTP-
2003." 
0 0 
0 0 0 0 ~ ~ 8 0 0 s 0 iii 0 ~ 0 S Sl :£ !::: 
'" 
A. pegrefjii, A. physeteris 
.=.:.==----j 
Meriuccius J A. typica, Ant'sakis sp. undescribed, Anisakis sp. "type TMTP-2003", 
J!.olli A. pegre.ttii, A. pllyseteris 
Trachurus IA · I I tro~~ I'L-·'T,m_p_e_x_s.s_" ~~~~~ __ ~~~~~~ ______ ,-~ 
Hoplostethus I A. typica, Anisakis sp. undescribed, A. ziphidarum, I 
cadenati A. hrevispiculata, A physeteris 
FIGURE 2. Depth ranges characteristic of fish species examined in this study, correlated with nematodes species found. 
642 THE JOURNAL OF PARASITOLOGY, VOL. 95, NO.3, JUNE 2009 
TABLE II. The number of base differences per sequence from analysis between sequences is shown. All results are based on the pairwise analysis 
of 26 sequences. Analyses were conducted in MEGA4 (Tamura et aI., 2007). 
A. A. A. 
typica typica A. brevi-
HC MP typica spiculata 
A. typica HC 
A. typica MP 0 
A. typica 0 0 
A. brevispiculata 64 64 64 
A. brevispiculata HC 64 64 64 0 
A. physeteris TS 68 68 68 13 
A. physeteris HC 66 66 66 II 
A. physeteris 66 66 66 II 
A. paggiae 63 63 63 22 
Anisakis sp. HC-2005 70 70 70 37 
Anisakis sp. MP-2005 70 70 70 37 
Anisakis sp. NES2013 59 59 59 46 
A. simplex C 59 59 59 46 
Anisakis sp. HP_C142 65 65 65 52 
A. simplex 65 65 65 52 
A. simplex s.s. SJ 65 65 65 52 
A. pegreffii TS 66 66 66 53 
Anisakis sp. PRP_140 66 66 66 53 
A. pegreffii 66 66 66 53 
Anisakis sp. "greatarnberjack" 66 66 66 53 
A. ziphidarum 58 58 58 50 
A. ziphidarum HC 58 58 58 50 
Anisakis sp. "type TMTP-2003" MP 59 59 59 52 
Anisakis sp. "TMTP-2003" 57 57 57 51 
C. osculatum 161 161 161 162 
C. osculatum SP 161 161 161 160 
Other undescribed species of Anisakis (Anisakis sp. HC-2005 
and MP-2005) were grouped together with A. physeteris, A. 
brevispiculata, and A. paggiae, creating a sister group strongly 
related to the Anisakis simplex complex, but they were located 
on a separate branch. 
Anisakis typica was outside the 2 sister groups, Le., A. sim-
plex complex and the A. physeteris-A. brevispiculata-A. pag-
giae group. Anisakis typica was thus related equally well to 
each of them. 
Pairwise comparisons of 14 Anisakis ITS sequences showed 
a large range of pairwise distances (Table II). Comparison con-
taining all species used to construct the MP tree confirmed dif-
ferences between species and the results of the MP analysis. 
The smallest number of different positions was noted between 
the species belonging to A. simplex sister group and A. ziphi-
darum. The most differentiated species (except for C. oscula-
tum species) was A. typica. 
DISCUSSION 
Several reports have shown the ITS region to be one of the 
most useful tools for the identification of nematodes belonging 
to the Anisakidae (Zhu et al., 1998; Kijewska et aI., 2002). In 
the present study, a molecular key was used as the basic method 
of species identification because the larval stages are virtually 
impossible to separate with the use of morphological charac-
teristics alone. However, the established restriction enzyme pro-
A. 
brevi- A. A. Anisakis Anisakis 
spiculata physeteris physeteris A. A. sp. sp. 
HC TS HC physeteris paggiae HC-2005 MP-2005 
13 
II 2 
II 2 0 
22 23 21 21 
37 42 40 40 35 
37 42 40 40 35 0 
46 46 44 44 48 52 52 
46 46 44 44 48 52 52 
52 52 50 50 54 58 58 
52 52 50 50 54 58 58 
52 52 50 50 54 58 58 
53 51 49 49 53 59 59 
53 51 49 49 53 59 59 
53 51 49 49 53 59 59 
53 51 49 49 53 59 59 
50 48 46 46 48 54 54 
50 48 46 46 48 54 54 
52 48 46 46 48 58 58 
51 49 47 47 47 56 56 
162 160 160 160 156 152 152 
160 158 158 158 154 154 154 
tocols are useful for documenting the known species of anisak-
ids; sequencing involved only a small part of the samples stud-
ied. In this way, some undescribed species could remain un-
detected if the differences were too small to affect the RFLP 
patterns. Unless sequence analyses give more reliable results, 
the use of RFLP is faster, easier, and reduces the time necessary 
for the identification of numerous individuals belonging to com-
mon species in classic studies of parasitic fauna. In the present 
study, all the individuals with restriction patterns atypical for 
the species included in the molecular key, or some sort of ir-
regularities in one of restriction patterns, were sequenced to 
check the species identification. 
According to previous reports regarding the fish parasite fau-
na from African shelf waters, A. simplex s.s. and A. pegreffii 
have been found in fish species included in recent studies, Le., 
in T. trachurus and S. japonicus (FaIjallah et aI., 2008; Mat-
tiucci et al., 2008). In the present study, only A. simplex has 
been found in this host. The putative reason of this finding 
could be a distinct area for sample collection, because the sam-
ples for this study were collected in near open waters located 
more to the south than those in previous investigations (Pontes 
et aI., 2005; FaIjallah et aI., 2008). Such an hypothesis corre-
sponds to the observations of FaIjallah et al. (2006), which 
indicated an increase in the occurrence A. simplex in pelagic 
fish. 
The geographic distribution of Anisakis spp. larvae is affect-
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TABLE II. Extended. 
A. Anisakis Anisakis 
Anisakis Anisakis A. A. Anisakis Anisakis sp. A. ziphi- sp. "type sp. C. 
sp. A. sp. A. simlex pegreffii sp. A. "great- ziphi- darum TMTP- "TMTP- oscula-
NES2013 simplex C HP_CI42 simplex s.s. SJ TS PRP_140 pegreffii amberjack" darum HC 2003" MP 2003" tum 
0 
6 6 
6 6 0 
6 6 0 0 
7 7 
7 7 0 
7 7 0 0 
7 7 0 0 
23 23 17 17 17 16 16 
23 23 17 17 17 16 16 
31 31 25 25 25 24 24 
31 31 25 25 25 24 24 
155 155 161 161 161 161 161 
155 155 161 161 161 161 161 
ed by the distribution of cetaceans, the definitive hosts of these 
parasite species in the Atlantic Ocean. The sequences analysis 
also revealed the absence of heterozygous genotypes (A. sim-
plex s.s. X A. pegreffii) in all of the present samples. Thus, all 
sequences were identified as representing homozygotes of A. 
simplex s.s. or A. pegreffii. 
The arrangement of species is generally compliant with tree 
topologies obtained for the Anisakinae by other authors who 
used cox2 and rDNA sequences (Valentini et al., 2006; Ki-
jewska et al., 2008). Major features of our tree topology are 
also similar to the tree obtained by Nadler et al. (2005). The 
power of resolution of the tree presented is less than we ex-
pected. Some unresolved arrangements result from a weak sup-
port. Moreover, the choice of an outgroup (C. osculatum spe-
cies) affected the final tree topology. 
One of the sequences that represents an undescribed species 
(Anisakis sp. TMTP-2003) formed a monophyletic group with 
A. ziphidarum and A. simplex. The 2 species, A. ziphidarum 
and Anisakis sp. "type TMTP-2003" and Anisakis sp. (sensu 
Valentini et al., 2006), are strictly related to each other, genet-
ically as well as ecologically (Iglesias et al., 2008). The pre-
sented topology suggests that A. simplex s.s., A. pegreffii, and 
A. ziphidarum are more closely related to each other than An-
isakis sp. "type TMTP-2003" is to them. This indicates that 
the species probably represents another lineage that is part of 
the larger clade, but the relationships between Anisakis sp. 
0 
16 16 
16 16 0 
24 24 16 16 
24 24 14 14 2 
161 161 161 161 163 161 
161 161 163 163 163 161 2 
"type TMTP-2003", A. ziphidarum, and A. simplex s.s. and A. 
pegreffii are not fully resolved. 
Pontes et al. (2005) reported this undescribed species as oc-
curring in the black scabbardfish, chub mackerel, and blue jack 
mackerel (Trachurus picturatus), fishes known to be both ben-
thopelagic and pelagic. Larvae of the parasite were found in 
the Benguela hake occurring within a depth range overlapping 
with the ranges assigned to the fish examined by Pontes et al. 
(2005). 
Valentini et al. (2006) collected larvae of Anisakis sp. from 
Mesoplodon mirus (True's beaked whale). This cetacean is 
known to be pelagic (De Buffrenil, 1995) but may occasionally 
be encountered in coastal waters. However, the depth range of 
the Benguela hake, a bathydemersal species, is wide enough 
(50-910 m) to maximize the possibility that the fish can serve 
as the paratenic host for the nematode completing its life cycle 
in True's beaked whale. 
The other species found in the Benguela hake and black slime-
head was most similar to A. physeteris and A. paggiae but al-
ways grouped separately. These sequences are tentatively de-
scribed as Anisakis sp. He-2005 and Anisakis sp. MP-2005. 
Apparently, this species forms a monophyletic group with 2 
other species found in toothed whales, Le., A. physeteris and A. 
brevispiculata, and a third new species, A. paggiae. However, 
significant support indicates that the undescribed species is not 
as close to the A. physeteris-A. brevispiculata-A. paggiae 
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group as these 3 are to each other. Unfortunately, it was not 
possible to obtain the cox2 sequence because of a problem 
caused by fast degradation of the material fixed in 70% ethanol 
only. In the future, we hope to obtain a complete sequence of 
cytochrome oxidase II and to compare the sequence with those 
deposited in GenBank. All the species included in the cluster 
in question were found in bathydemersal and bathypelagic fish 
species known as crustacean predators. It seems probable that 
their diversified diet favors the accumulation of various species 
of parasitic nematodes. Another bathydemersal fish species, the 
roughsnout grenadier (T. scabrus), is a pelagic feeder that con-
sumes mostly copepods, but it will ingest other crustaceans as 
well as cephalopods (Cohen et aI., 1990). 
In contrast to the Benguela hake and black slimehead, pelagic 
fish species are characterized by a less diversified diet, and their 
parasitic fauna was limited to 2-3 species occurring at an in-
tensity of a few worms per individual host. For example, A. 
simplex s.s. was found only in the chub mackerel (5.49%), 
whereas A. physeteris was the most widespread, occurring in 
all 6 fish species examined. The most frequently encountered 
species was C. osculatum B found in the European pilchard. It 
is reasonable to assume that a long period of parasite acquisi-
tion in a host favors an increase in the number of parasites, but 
a diverse diet enhances the number of parasite species present. 
Anisakis simplex s.s. is known to have a worldwide distri-
bution, with a mainly benthic or demersal life cycle (Mattiucci 
et al., 1997). According to Pontes et al. (2005), A. simplex s.s. 
larvae also occur in the bathypelagic realm. The results of the 
present study clearly demonstrate that the species should be 
considered as widely distributed, independent of depth and hab-
itat. This type of distribution is probably one of the most im-
portant factors involved in allowing the species to spread easily 
and attain such an extensive geographical range. 
Anisakis typica is epipelagic. In the present stu<ly, however, 
it was found in 2 species described as bathypelagic and bathy-
demersal, namely, the black slirnhead and Benguela hake. How-
ever, their depth range covers 70-1,000 m, which does not alter 
the basic description of the environmental preferences of the 
parasite. 
The fish species supporting the highest nematode species 
richness are known to occur in deeper water, as well as in the 
epipelagic zone. As opposed to other fish species examined, the 
Benguela hake and black slirnhead are not exclusively bathy-
demersal or pelagic, but their depth range covers almost the 
entire depth range of all the fish species examined in this study. 
This fact lends support to the hypothesis that some Anisakis 
species are decidedly epipelagic and pelagic, whereas others 
complete their life cycles at specific depths. Moreover, this pos-
tulate leads to another question, i.e., is it possible for the oc-
currence of specific intermediate hosts within some defined 
depth ranges to affect the possibility of infection of only a de-
finitive host that can feed deep enough, as is the case with A. 
physeteris? The compatibility between the depth range of each 
fish species and their parasites is clearly seen in Figure 2. The 
data obtained in the present study do not permit one to answer 
this question, but the scrutiny of parasite phylogeny from the 
perspective of the intermediate and paratenic host ranges could 
be a good supplement to the analysis of anisakid distribution. 
The parasitic fauna of fishes reflects not only the geographic 
range of anisakid occurrence, but also the feeding behavior of 
the hosts serving as links in the parasites' life cycles (Mattiucci 
and Nascetti, 2006). The occurrence and abundance of anisak-
ids reflects the distribution of hosts and their diet preferences. 
An examination of all these factors altogether could result in a 
more detailed understanding of the interactions between fish 
stocks and the quality of their environment. 
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PALEOPARASITOLOGICAL ANALYSIS OF RODENT COPROLITES IN HOLOCENIC 
SAMPLES FROM PATAGONIA, ARGENTINA 
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ABSTRACT: The aim of the present study was to examine the parasite fauna present in rodent coprolites collected from Cerro 
Cas a de Piedra (CCP7), located in Perito Moreno National Park (P.N,P.M" 47°57'S and 72°05'W), Santa Cruz Province, Argentina. 
Eight coprolites obtained from the layer XIII of CCP7, with an antiquity considered as 7,920 ± 130 yr B.P., were examined for 
parasites. Each coprolite was whole processed, rehydrated, homogenized, spontaneously sedimented, and examined using light 
microscopy. Eggs of parasites were measured and photographed. All the samples were parasitized by nematodes, with 267 eggs 
of Trichuris sp., 24 eggs of an aspidoderid, and 3 capillariid eggs. The rodent host was tentatively identified as a species of 
Ctenomys, the hypogeic rodents endemic to South America. The finding of Paraspidodera in Patagonian samples represents new 
evidence that strengthens the co-phylogenies between nematodes of this genus and Ctenomys and reinforces the value of parasites 
as tags in paleoparasitology. 
Paleoparasitology was born as a derivation of paleopatholo-
gy, and named in 1979 by Ferreira et ai. (1979) as the study of 
human and animal parasite remains collected from archaeolog-
ical material. It is focused on the knowledge of parasite-induced 
illness of humans in the past and on the paleoecological knowl-
edge of the environment, ecology, settlement, diet, hygiene, and 
health in antiquity (Reinhard, 1992). Parasites are useful tools 
for understanding host ecology (Williams et al., 1992; Poulin, 
2007) and can also be used as powerful tags in explaining host 
history (Manter, 1967; Brooks, 1979; Morand et aI., 2006). 
One of the sources important for obtaining parasites from 
ancient material are coprolites, naturally dehydrated feces of 
humans and animals: that are usually present in archaeological 
or paleontological sites, if the taphonomic conditions of humid-
ity and temperature favor their preservation (Bo,uchet et aI., 
2003). Feces typically conserve their form and macroscopic 
characteristics, and they thus can assist in identification of the 
zoological origin (Chame, 2003). 
Although recent information regarding paleoparasitology of 
camelids, carnivores, raptor birds, and humans in Patagonia has 
been acquired (Fugassa, 2005, 2006, 200612007, 2007; Fugassa 
and Barberena, 2006; Fugassa, Araujo, and Guich6n, 2006; Fu-
gussa, Denegri et aI., 2006; Fugassa, Sardella, and Denegri, 
2007; Fugassa, Araujo et aI., 2007; Fugassa Araujo et aI., 2008; 
Fugassa, Taglioretti et aI., 2008), paleoparasitological studies of 
rodents are scarce, not only in Argentina (Fugassa, 2006; Fu-
gassa and Barberena, 2006) but also in the Western Hemisphere 
(Moore and Fry, 1969; Confalonieri, 1988; Araujo et aI., 1989; 
Ferreira et aI., 1991). 
Small mammals, especially rodents, are considered as im-
portant components of biodiversity, as food items for predators, 
as disseminators of seeds and spores, and as hosts of numerous 
parasites, including several of zoonotic importance (Miyazaki, 
1991; Reinhard, 1992; Perkins et aI., 2005; Morand et aI., 
2006). 
The aim of the present study was to examine the parasite 
fauna present in coprolites of rodents collected from Cerro Casa 
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de Piedra (CCP7), located in Perito Moreno National Park 
(P.N.P.M., 47°57'S and n005'W), Santa Cruz Province (Fig. 1). 
This site has received the attention of a number of investigators 
in recent times (Aschero, 1982, Aschero et aI., 1992, 2005; 
Pardifias, 1996; Mancini et aI., 1997; Pardifias,1998; Mancini, 
2002; Civalero and Aschero, 2003; Civalero and Franco, 2003). 
Cerro Casa de Piedra is a hill of volcanic origin in the river 
basin of Rio Roble, and Burmeister Lake, 900 m above sea 
level. On the north side is a set of caves and rock shelters 
(Aschero, 1982). The site is in an ecotone located between a 
forest of Nothofagus sp. and a bush steppe (Civalero and As-
chero, 2003). It has a stratigraphic sequence that includes 19 
levels, with human occupation between ca. 9,700 and ca. 3,400 
yr (Civalero and Franco, 2003). 
The previous paleoparasitological studies carried out in 
CCP7 included an examination of coprolites from came1ids 
found in a cave associated with human occupation, assigned to 
the transition of archaeological levels XII and XIII (8,300 ± 
115 to 7,920 ± 130 yr BP, respectively). In the samples ex-
amined, oocysts of E. macusaniensis, eggs of Capillaria sp. 
(probably C. hepatica or another species of Capillaria of intes-
tinal location), and eggs of ascaridids, probably Lamanema or 
Nematodirus, were found (Fugassa, 2006, 2007, 200612007; Fu-
gassa, Araujo et aI., 2007; Fugassa, Taglioretti et aI., 2008). 
The previous paleoparasitological studies carried out in 
CCP7 included an examination of coprolites from camelids, hu-
mans, and mammalian carnivores (Fugassa, 2006, 2007, 20061 
2007; Fugassa, Araujo et aI., 2007; Fugassa, Taglioretti et aI., 
2008). The present study was focused on rodent coprolites re-
covered at XIII level. 
MATERIALS AND METHODS 
Eight coprolites of rodents obtained from layer XIII of CCP7 (7,920 
± 130 yr B.P.) were examined for parasites. Average fecal masses were 
10.0 mm long by 3,7 mm wide; average weight was 0.03 g. Coprolites 
were brown in color, with a smooth surface and clear brown inclusions 
(Fig. 2). Because of their small size, each coprolite was processed intact; 
it was rehydrated in 4 ml of 5% acetic formaldehyde in 0.5% trissodium 
phosphate for a week; it was then homogenized and allowed to spon-
taneously sediment (Lutz, 1919). Ten slides of each coprolite, along 
with 1 drop of glycerin were examined using a light microscope. Par-
asite eggs were measured and photographed at X40. Egg measures 
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TABLE I. Measurements of eggs and host records of Trichuris parasitizing South American rodents. 
Trichuris Egg measurenments ([Lm) 
species Length Width Hosts (Area) References 
T. bradleyi 57-65 29-34 Octodon degus (South of Santiago de Chile) Babero et al. (1975) 
T. fulvi 65-72 26-31 Ctenomys fulvus Phillipiensis (Atacama, North of Babero and Murua (1987) 
(average = 66) (average = 29) Chile) 
T. robusti 57-65 29-36 C. robust (Tarapaca, North of Chile) Babero and Murua (1990) 
T. chilensis 60-67 32-34 Akodon longipilis (Santiago de Chile) Babero et al. (1976) 
T. bursacaudata 60-70 20-30 C. talarum (Punta Indio, Buenos Aires, Argentina) Suriano and Navone (1994) 
T. pampeana 50-60 20-30 C. azarae (Santa Rosa, La Pampa, Argentina) Suriano and Navone (1994) 
T. pampena 58-60 20-30 C. talarum; C. australis (South of Buenos Aires, Rossin and Malizia (2005) 
Argentina) 
T. dolichotis 75 45 Dolichotis patagonum Morini et al. (1955) 
T. travassosi 54-61 25-28 Oryzomys nigripes (Rio Grande do Sui, Brazil) Correa Gomes et al. (1992) 
T. myocastoris 53-60 30-34 Myocastor coypus Bar6s et al. (1975) 
T. pardinasi 60 30 Phyllotis xanthopygus (Buenos Aires, C6rdoba, Robles et al. (2006) 
Argentina) 
T. laevitestis 80-90 30-40 Scapteromys aquatic us; A. azarae (Punta Lara, Suriano and Navone (1994) 
Buenos, Aires, Argentina) 
66-80* 27-40* Robles and Navone (2006) 
Trichuris sp. 60 30 A. montensis, Thaptomys nigrita (Arist6bulo del Robles (2008) 
Valle, Misiones, Argentina) 
T. gracilis 50-59 23-28 Dasyprocta agouti (Trinidad, Brazil) Cameron and Reesal (1951) 
[in Robles, 2008] 
Trichuris sp. 60-67.5 30-37.5 Ctenomys sp.? Present finding 
(63.51 :+: 1.78)* (32.68 :+: 1,04)* 
* Measured without polar plugs. 
rodents, including species of Cavia, Cuniculus, Kerodon, and 
Ctenomys (Gardner, 1991). Species of Paraspidodera exhibit a 
high specificity for octodontid rodents of the genus Ctenomys 
in which they are usually present in high densities. Paraspi-
dodera uncinata occupies a wide geographic range (Table II), 
stretching from Peru to Mar de Cobo, south of Buenos Aires 
Province, which, at this time, is the southernmost extension of 
the species (Rossin et aI., 2004). 
The finding of Paraspidodera, tentatively P. uncinata, in Pat-
agonian samples extends its geographic range for the parasite 
to Santa Cruz Province. This record also constitutes the first 
time this parasite species has been found in old material and 
represents new evidence that strengthens the co-phylogenies be-
tween Paraspidodera and Ctenomys as proposed by Gardner 
(1991). 
There are 2 positions regarding the classification of capillar-
TABLE II. Hosts, geographic areas and meaurements of eggs of Aspidoderid, Paraspidodera uncinata parasitizing South American rodents. 
Egg measurements ([Lm) 
Host Geographic area Length Width References 
Cavia ape rea, C. porcelius, Manguinhos, Brazil 43 31 Travassos (1914) 
Agouti paca 
C. aperea, Ctenomys magellanicus Montevideo, Uruguay 50 45 Khalil and Vogelsang 
(l931a, b) 
C. ape rea, C. porcellus, Agouti paca Sao Paulo, Brazil 57-62 41 Pereira and Vaz (1933) 
C. porcellus R. Janeiro, S. Paulo, Brazil Lent and Freitas (1939) 
C. aperea Rio de Janeiro, Brazil 
A. paca Rio de Janeiro, Brazil 
Kerodon rupestris Minas Gerais, Brazil 
Ct. opimus Oruro, Bolivia 
C. ape rea pampa rum Buenos Aires, Argentina 73-94 52-73.5 Sutton (1976) 
Ct. opimus, Cavia sp., Agouti sp., Bolivia Gardner (1991) 
Kerodon sp. 
C. aperea Peruan Andes Dittmar (2002) 
C. porcellus Rio de Janeiro, Sao Paulo, Brazil 40-50 (44.6) 30-36 (33.4) Magalhaes Pinto et al. 
(2002) 
c. talarum Mar de Cobo, Buenos Aires, Argentina 50-56 (53) 40-44 (42) Rossin et al. (2004) 
Ctenomys sp.? CCP7, Santa Cruz, Argentina 57.5-67.5 (63.40) 45-50 (48.12) Present finding 
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iid nematodes. Baylis (1931; in Moravec, 2001) recognizes a 
single genus, Capillaria Zeder, 1800. In contrast, Moravec 
(2000, 2001), following Dujardin (1845, see Moravec, 2001), 
suggests that the family is composed of 22 genera and 300 
species (Anderson, 2000). Capillariids parasitize 4 families of 
North and South American rodents, Le., Cricetidae, Muridae, 
Cavidae, and Sciuridae (Robles, 2008). The paleoparasitologi-
cal records of these nematodes indicate their presence in several 
different samples and several localities (Fugassa, 2006; Fugassa 
et aI., 2006, 2007). For example, Fugassa, Denegri et al. (2006) 
found eggs of Capillaria sp. from a canid coprolite (6,540 ± 
110 yr B.P.). Although eggs resemble species of Capillaria spp., 
measurements and characteristics of the WillI of the egg found 
in the present communication are also in line with eggs of Eu-
coleus sp., as suggested by Moravec (2000, 2001) and Robles 
(2008). Although these latter nematodes are parasites of the 
lungs and bronchi, the eggs could have been easily coughed up, 
swallowed, and passed in the stool. 
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CLINICAL AND EPIDEMIOLOGICAL FEATURES OF VISCERAL LEISHMANIASIS AND HIV 
CO-INFECTION IN FIFTEEN PATIENTS FROM BRAZIL 
E. F. Daher, P. P. Fonseca, E. S. Gerhard, T. M. J. Silva LeiUio*, and G. B. Silva Junior 
Department of Internal Medicine, School of Medicine, Hospital Universitario Walter Cantfdio, Universidade Federal do Ceara. Fortaleza, Ceara, 
Brazil. e-mail: ef.daher@uol.com.br 
ABSTRACT: Cases of visceral leishmaniasis (VL) in the course of human immunodeficiency virus (HIV) infection have regularly 
been recorded, mainly in southern Europe, HIV infection can increase the risk of VL development by 10-100 times in endemic 
areas, We describe the occurrence of this co-infection in IS patients from BraziL The mean age of the patients was 38 :±: 8,8 yr, 
with 86,6% males, The mean time between HIV diagnosis and the onset of visceral leishmaniasis was 44 :±: 39 mo, The main 
signs and symptoms presented at admission were splenomegaly (73%), weight loss (73%), cough (67%), fever (67%), asthenia 
(60%), and diarrhea (60%). The mean T CD4+ lymphocyte count was 173,7 :±: 225.6 cells/mm3, and viral load was 51,030 :±: 
133,737/mm3, Treatment consisted of pentavalent antimonials (67% of cases), Most (87%) patients recovered from VL infection; 
death occurred in I patient due to septic shock. VL is an important opportunistic infection in HIV patients, which is potentially 
fatal, even when correct treatment is completed. Treatment should be done with pentavalent antimonials or amphotericin B in 
the case of relapse, Although there is no consensus, secondary prophylaxis should be considered in severe cases, 
Visceral leishmaniasis (VL) is one of the most important par-
asitic diseases in humans, Factors such as malnutrition, ac-
quired immunodeficiency syndrome (AIDS), and ecological and 
demographic changes are currently associated with the reemer-
gence of VL as a major public health problem. American VL 
is a zoonotic disease caused by Leishmania chagasi, which is 
transmitted by the sand fly Lutzomyia longipalpis (Tremblay et 
aI., 1996; De Paula et aI., 2003). 
Over 90% of VL cases in the world occur in 5 countries, 
including Brazil (Olliaro et aI., 2005). Several conditions are 
responsible for the reemergence and spread of leishmaniasis 
worldwide, with 3 major risk factors: (1) environmental chang-
es, (2) host immune status, and (3) treatment failure and drug 
resistance (Dujardin, 2006). Urbanization of leishmaniases and 
ruralization of AIDS may lead to an increased number of HIV-
leishmania co-infected patients who are difficult to treat and 
prone to constituting a reservoir for the emergence~and spread 
of drug-resistant parasites (Dujardin, 2006). 
Since 1979, VL has been regularly reported during immu-
nosuppression that resulted from pathologic processes, such as 
hematologic malignancies or chronic inflammatory diseases, 
and during immunosuppressive therapy for treatment of chronic 
and autoimmune diseases or organ transplantation (Dedet and 
Pratlong, 2000). Cases of VL during HIV infection have reg-
ularly been recorded in different parts in the world (Dedet and 
Pratlong, 2000). 
HIV infection can increase the risk of VL development by 
10-100 times in endemic areas (Guerin, 2002). It is possible 
that the parasite in amastigote form can induce virus replication 
in HIV-l-infected macrophages following parasite and host cell 
interaction (Guerin, 2002). VL accelerates the progression of 
HIV infection toward AIDS and decreases survival rates in 
these patients (Pintado and Lopes-Velez, 2001). The interaction 
between these 2 diseases has terrible consequences, with mor-
tality 5 times higher in co-infected patients (Pintado and Lopes-
Velez, 2001; Lyons et aI., 2003). 
A retrospective study was conducted on 15 consecutive pa-
Received 4 May 2008; revised 2 August 2008, 19 August 2008; ac-
cepted 21 August 2008. 
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tients with a confirmed diagnosis of HIV and VL who were 
admitted from July 2003 to June 2007 at Sao Jose Hospital of 
Infectious Diseases in Fortaleza, in northeast Brazil. All patients 
included in the study suffered co-infection with HIV and VL. 
The patients were classified according to the Centers for Dis-
ease Control and Prevention (CDC) definition for AIDS (CDC, 
1987). All patients were diagnosed with VL by the identifica-
tion of amastigotes in bone marrow aspirate. There are 3 CD4+ 
T-lymphocyte categories, defined as follows: Category 1, 
CD4+ 2:500 cells/mm3; Category 2, 200-499 cellS/ILl; and Cat-
egory 3, <200 cellS/ILl. 
There are also 3 clinical categories of HIV infection. Cate-
gory A includes 1 or more of the conditions listed here in an 
adolescent or adult (2:13 yr of age) with documented HIV in-
fection: asymptomatic HIV infection, persistent generalized 
lymphadenopathy, acute (primary) HIV infection with accom-
panying illness, or history of acute HIV infection. Conditions 
included in Categories Band C must not have occurred. Cat-
egory B includes symptomatic conditions in an HIV-infected 
adolescent or adult that are not included among conditions list-
ed in clinical Category C and that meet at least 1 of the fol-
lowing 2 criteria: (a) the conditions are attributed to HIV in-
fection or are indicative of a defect in cell-mediated immunity 
or (b) the conditions are considered by physicians to have a 
clinical course or to require management that is complicated by 
HIV infection. Category C includes the clinical conditions list-
ed in the AIDS surveillance case definition. 
The epidemiologic and clinical data from these patients were 
reviewed, and the protocol of this study was approved by the 
Ethical Committee of the Sao Jose Hospital of Infectious Dis-
eases. Statistical analysis was performed using the Epi Info 
2002 program. 
The participants' mean age was 38 ± 8.8 yr, with 13 (86.6%) 
males. All patients had been infected by HIV through sexual 
intercourse. The majority (66.6%) of patients were from rural 
areas, and their occupations were farmer, assistant, maid, hair-
dresser, doorman, salesman, office assistant, painter, mechanic, 
and unemployed. Epidemiologic data are shown in Table I. 
The time between HIV diagnosis and the onset of VL ranged 
from 0 to 129 mo (mean 44 ± 39 mo). The time between the 
onset of symptoms and hospital admission ranged from 1 to 
180 days (mean 51.5 ± 45.9 days). The duration of hospital 
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TABLE 1. Epidemiological data and outcome of IS patients co-infected with HIV and visceral leishmaniasis in Brazil. * 
Number of 
Hospital CDC AIDS past 
Leishmaniasis stay, case hospital 
Patient Age, yr Sex Origin diagnosis days Treatment definition admissions Outcome 
34 M Rural area Bone marrow aspirate 28 Glucantime C3 0 Cure 
2 41 M Fortaleza City Bone marrow aspirate 34 Glucantime C3 5 Cure 
3 42 M Fortaleza City Bone marrow aspirate 20 Glucantime B3 0 Cure 
4 33 M Rural area Bone marrow aspirate 40 Glucantime C2 0 Cure 
5 45 M Rural area Bone marrow aspirate 65 Ampho B A3 2 Cure 
6 26 M Rural area Bone marrow aspirate 9 Glucantime B3 I Cure 
7 45 M Rural area Bone marrow aspirate 16 Ampho B B3 0 Cure 
8 32 M Fortaleza City Bone marrow aspirate 18 Glucantime C3 0 Death 
9 29 M Rural area Bone marrow aspirate 8 Lipo Ampho B B3 8 Treatment abandoned 
10 32 F Rural area Bone marrow aspirate 13 Glucantime CI Cure 
11 57 F Rural area Bone marrow aspirate 57 Glucantime CI 0 Cure 
12 48 M Fortaleza City Bone marrow aspirate 13 Glucantime A3 2 Cure 
13 44 M Rural area Bone marrow aspirate 18 Lipo Ampho B C2 2 Cure 
14 28 M Rural area Bone marrow aspirate 10 Glucantime C3 0 Cure 
15 28 M Fortaleza City Bone marrow aspirate 20 Lipo Ampho B C3 3 Cure 
* Ampho B, amphotericin B; F, female, Lipo Ampho B, liposomal amphotericin B; M, male. 
stay ranged from 8 to 65 days (mean 24.6 ± 16.8 days). The 
time between admission and VL diagnosis confirmation ranged 
from 1 to 10 days (mean 4.2 ± 3.3 days). All patients presented 
with AIDS at admission, and 33% were in stage C3 of the CDC 
classification (Table I). 
The main signs and symptoms presented at admission were 
splenomegaly (73%), weight loss (73%), cough (67%), fever 
(67%), asthenia (60%), and diarrhea (60%). Pancytopenia oc-
curred in 65% of the cases. Clinical manifestations and labo-
ratory findings at hospital admission are summarized in Table 
II. 
The mean T CD4+ lymphocyte count ranged from 13 to 848 
cells/mm3 (mean 173.7 ± 225.6 cells/mm3), and viral load 
ranged from undetectable to 450,000/mm3 (mean 51,030 ± 
133,737/mm3). Fifty-three percent of the patients had been pre-
viously admitted to the hospital. Time spent in hospital ranged 
from 1 to 8 days (mean 3.0 ± 2.4 days). 
Treatment consisted of pentavalent antimonials (glucantime) 
in the majority (67%) of cases. Highly active antiretroviral ther-
apy (HAART) was being administered to 80% of patients at 
admission. The majority (87%) of patients recovered from VL 
infection. One patient was transferred to another hospital. Death 
occurred in 1 case, with septic shock as the cause. 
This is the first report of co-infection between HIV and VL 
in our region. There was a dominance of co-infections in males, 
as reported in previous studies (Pintado and Lopes-Velez, 
2001). The average age was also comparable to that found in 
other studies (Fernandez-Guerrero et aI., 2004). 
In studies from Africa, India, and Brazil that included HIV 
and VL co-infected patients, HIV was acquired via promiscuous 
sexual activity (Rabello et aI., 2003). In the present study, the 
majority of patients were from rural areas. In Brazil, AIDS is 
more prevalent in urban areas, while VL predominates in rural 
settings. With the spread of HIV infection to rural areas, the 
occurrence of co-infection with VL increases. In some patients, 
HIV infection is discovered at the onset of VL symptoms (Gal-
lardo et aI., 1996; Jimenez et aI., 1996). It is also occurring via 
the urbanization of VL in Brazil, which increases the occur-
rence of the infection among HIV-infected patients (Dantas-
Torres and Brandao-Filho, 2006). 
Clinical features of VL are similar in both immunocompetent 
and immunosuppressed hosts, but mortality is higher among 
immunosuppressed patients with VL (Rosenthal et aI., 2000; 
Lyons et aI., 2003; Sipsas and Boletis, 2003). Splenomegaly 
was found in 73% of cases. Some studies, however, indicate 
that this sign is less frequent in patients with HIV and VL co-
infection (Paredes et aI., 2003; Singh and Sivakumar, 2003). 
The classic trio of fever, pancytopenia, and splenomegaly is 
observed in 56-75% of cases (Russo et aI., 2003; Pasquau et 
aI., 2005). The occurrence of fever and pancytopenia is highly 
suggestive of VL in immunosuppressed patients living in en-
demic areas (Sipsas and Boletis, 2003). 
In the present study, the CD4+ cell count in the majority 
(80%) of cases was <200 cells/mm3, which predisposes patients 
to reactivation of latent infections and occurrence of opportu-
nistic infections (Russo et aI., 2003; L6pez-Velez et aI., 2004; 
Pasquau et aI., 2005). The occurrence of VL is more frequent 
when the CD4+ count is <200 cells/mm3, a level similar to 
that observed in other HIV opportunistic infections. All of the 
cases examined here were classified as having AIDS, according 
to CDC criteria (CDC, 1987). 
Diagnosis of VL in patients with HIV infection is difficult, 
because the occurrence of hepatosplenomegaly, fever, and skin 
lesions, which are the main manifestations of VL, can be seen 
in many opportunistic infeciions, i.e., histoplasmosis, miliar tu-
berculosis, and other infections that are common in our region 
(Goldani et aI., 1989; Gallardo et aI., 1996; Alvar et aI., 1997). 
Many studies have shown that the majority of HIV-infected 
patients have AIDS-defining conditions at the time of VL di-
agnosis (Pintado and Lopes-Velez, 2001; L6pez-Velez et aI., 
2004; Pasquau et aI., 2005). 
The presence of amastigotes in bone marrow and spleen as-
pirates as well as skin lesion biopsies constitutes the best way 
to confirm the diagnosis of VL (Singh, 2006). The microscopic 
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TABLE II. Clinical and laboratory data of 15 patients co-infected with 
HIV and visceral leishmaniasis in Brazil." 
Sex 
Male 
Female 
Age, yr 
Time of disease, mo 
Clinical findings 
Splenomegaly 
Weight loss 
Cough 
Fever 
Asthenia 
Diarrhea 
Anorexia 
Chills 
Paleness 
Nausea and vomiting 
Hepatomegaly 
Headache 
Dyspnea 
Abdominal pain 
Pulmonary crackles 
Hypotension 
Constipation 
Hematuria 
Dysuria 
Itching 
Lethargy 
Laboratory data 
Hemoglobin (g/dL) 
Hematocrit (%) 
White blood cells (mm3) 
Platelets (mm3) 
Alanine aminotransferase 
Aspartate aminotransferase 
Alkaline phosphatase 
Serum creatinine (mg/dL) 
Serum urea (mg/dL) 
Serum sodium (mEq/L) 
Serum potassium (mEq/L) 
CD4+ (mm3) 
Viral load (copies/ml) 
38 ± 8.8 
13 (86.6) 
2 (13.4) 
51.5 ± 45.9 
11 (73) 
11 (73) 
10 (67) 
. 10 (67) 
9 (60) 
9 (60) 
8 (53) 
7 (47) 
6 (40) 
6 (40) 
5 (33) 
4 (27) 
3 (20) 
3 (20) 
3 (20) 
2 (13) 
1 (7) 
1 (7) 
I (7) 
1 (7) 
1 (7) 
6.65 ± 0.65 
19.85 ± 1.35 
1,450 ± 850 
70,500 ± 241500 
33.50 ± 7.50 
61.50 ± 17.50 
147.50 ± 59.50 
1.43 ± 0.94 
59.93 ± 61.22 
137.14 ± 4.24 
4.02 ± 0.77 
173.7 ± 225.6 
51,030 ± 133,737 
" Values expressed as mean ± SD, or number (%) of patients. 
examination of bone marrow aspirate, which was the method 
used in the cases presented here, has a sensitivity of 67-94% 
(Singh, 2006). 
Treatment of VL in patients with HIV infection remains a 
challenge, because there is a low therapeutic response and a 
large number of adverse effects (Pintado and Lopes-Velez, 
2001). There is also a high number of relapses, independent of 
the doses administered (Laguna, 2003). Pentavalent antimonials 
remain the drugs of choice in the treatment of VL, even in HIV-
infected patients (Alvar et aI., 1997). The World Health Orga-
nization-recommended dose is 20 mg/kg/day for 20-30 days 
(Sasaki et aI., 1997). 
Many studies have shown a high index of therapeutic failure, 
in approximately 50% of cases (Hernandez et aI., 1995). The 
rate of cure of VL with amphotericin B is high (approximately 
80%) (Basset et aI., 2005). Relapses can occur in roughly 90% 
of cases that have been correctly treated in the first year after 
treatment is completed. This partial failure has led some authors 
to propose long-term therapeutic schemes (Borges, 1997). For 
example, in HIV-infected patients, Molina et aI. (2007) recently 
demonstrated the efficacy of liposomal amphotericin B for sec-
ondary prophylaxis of VL. 
The majority of patients presented here were on HAART. It 
is known that patients with HIV who are receiving HAART 
have fewer opportunistic infections but, in the case of VL, 
HAART is not effective in preventing VL relapses. There are 
contradictory data regarding whether HAART prevents VL re-
lapses in HIV-infected patients. One study estimated that 38-
70% of patients receiving HAART had VL relapses in the first 
24 mo after appropriate VL treatment (Mira et aI., 2004). A 
more recent study showed that HAART reduces VL relapses 
(Ter Horst et aI., 2008). Relapses of VL are suggested to occur 
only in individuals with uncontrolled HIV replication and/or 
poor immunologic responses (Mira et aI., 2004). 
In summary, VL is an important opportunistic infection in 
patients with HIV and is potentially fatal, even: when correct 
treatment is provided. Treatment should be performed using 
pentavalent antimonials or amphotericin B (in the case of re-
lapses). Although there is no consensus, secondary prophylaxis 
should be considered in severe cases. 
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REDESCRIPTION OF RHADINORHYNCHUS ORNATUS 
(ACANTHOCEPHALA: RHADINORHYNCHIDAE) FROM SKIPJACK TUNA, 
KATSUWONUS PELAMIS, COLLECTED IN THE PACIFIC OCEAN OFF SOUTH AMERICA, 
WITH SPECIAL REFERENCE TO NEW MORPHOLOGICAL FEATURES 
Omar M. Amin, Richard A. Heckmann*, Nahla A. E. Radwant, Johan S. Mantuano Anchundia:j:, and 
Marcos A. Zambrano Alcivar:j: 
Institute of Parasitic Diseases. P.O. Box 28372, Tempe, Arizona 85285. e-mail: omaramin@aol.com 
ABSTRACT: Adults of Rhadinorhynchus ornatus Van Cleave, 1918 were collected from the small intestine of skipjack tuna, 
Katsuwonus pelamis (Linnaeus), in the high seas of the Pacific Ocean off the west coast of South America (new parasite locality 
record) and described using optical microscopy and a scanning electron microscope (SEM). Our specimens were somewhat 
comparable to those described from North America and Japan, but had more trunk spines. Definitive differences between the 
length and thickness of each of the dorsal and ventral proboscis hooks are noted for the first time, with most ventral middle 
hooks being relatively shorter and more robust than dorsal middle hooks. The SEM documented, for the first time, the different 
surface topography of the tegument in the proboscis, the neck, and in 3 trunk regions; the presence of microtrichs in the mid-
and posterior trunk regions; the elevated base of trunk spines; the circular arrangement of basal proboscis hooks; the different 
morphology of all dorsal and ventral proboscis hooks and the striations of their surface; the ribbed surface topography of eggs; 
the elevated slit-like female gonopore; and the rimmed edge of the bursa. The presence of microtrichs on the tegumental surface 
is further supported by transmission electron microscopy studies. This is the first report of microtrichs in any species of Acan-
thocephala and the second report of striations in proboscis hooks. The geographical distribution of R. ornatus appears to corre-
spond, at least in part, to that of its epipelagic primary host, K. pelamis, throughout the world in waters ranging in temperature 
from 14.7 to 30 C. 
Before its first fonnal description, Rhadinorhynchus ornatus 
Van Cleave, 1918 was described as Echinorhynchus pristis (in 
part) by Linton (1891). The nomenclature of this species has been 
changed a few times since then by various observers, mostly in 
the Atlantic coast of the United States from the needlefish Tylo-
surus acus (Lacepede) and in the Sea of Japan from skipjack tuna, 
Katsuwonus pelamis (Linnaeus). Synonymies include R. katsu-
wonus Harada, 1928; Nipporhynchus katsuwonus Chandler, 1934; 
N. ornatus Van Cleave, 1940; and R. vancleavei Golvan, 1969. 
Present and other collections-hosts are listed in Table I. The find-
ing of R. omatus in K. pelamis collected from the P<tcific Ocean 
off the west coast of South America provided an opportunity to 
study this parasite from a new location and to compare its mor-
phological features with those of wonns collected from the same 
host species elsewhere, i.e., Japan, and with those of wonns col-
lected from other fish species, i.e., T. acus. The availability of our 
specimens also made it possible to document new structures that 
were not known in this acanthocephalan species or in any other 
species of Acanthocephala. 
MATERIALS AND METHODS 
The study material was collected on 2 of many occasions during 
which large numbers of skipjack tuna, K. pelamis, were collected for a 
biological study using large commercial vessels in the high seas of the 
Pacific Ocean off the west coast of South America, especially across 
from Colombia, Ecuador, and Peru (FAO zone 087: 5°00'S, 105°00'W). 
The study was conducted by the Ciudalela Universitaria via San Mateo 
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of Manabi-Ecuador. Thirty-four male and 46 female fish were examined 
and 334 specimens were collected in late September and early October, 
2005. Male and female fish were comparable in weight and size. See 
Table I for more-detailed information. 
Freshly collected specimens from the small intestine were fixed and 
shipped in 75% ethanol. In our Arizona facility, worms were punctured 
with a fine needle and subsequently stained in Mayer's acid carmine, 
destained in 4% HCL in 70% ethanol, dehydrated in ascending concen-
trations of ethanol (24 hr each), cleared in a graduated (increasing) 
concentration of terpineol in 100% ethanol to 100% terpineol, then 50% 
terpineol and 50% Canada balsam (24 hr each), and finally, whole-
mounted in Canada balsam. 
Measurements are in micrometers unless otherwise stated. The range 
is followed by the mean (in parentheses). Length measurements are 
given before the width; the latter refers to maximum width. Trunk length 
does not include the neck, proboscis, or bursa. Eggs refer only to fully 
mature eggs removed from the body cavity. Biomass was calculated in 
g of wet weight of worms preserved in ethanol. Specimens were de-
posited in the University of Nebraska's State Museum's Harold W. Man-
ter Laboratory (HWML) collection in Lincoln, Nebraska. 
Samples of R. ornatus for the scanning electron microscope (SEM) in-
cluded 6 worms (3 males, 3 females) that were fixed in 70 ethyl alcohol, 
placed in CPD baskets, and dehydrated using an ETOH series of 95%, and 
3 times at 100%, for at least 10 min per soak. Samples were then exposed 
to 100% reagent grade acetone, 3 times for at least 10 min per soak fol-
lowed by critical point drying (Lee, 1992). Samples were then mounted on 
SEM sample mounts, gold coated, and observed with a SEM (FEI XL30 
ESEM FEG, FEI Company, Hillsboro, Oregon). Permanent records of the 
structures were obtained using digital imaging software attached to a com-
puter. 
Samples of R. ornatus for transmission electron microscopy (TEM) 
included sections from various trunk parts of 4 worms. Specimens pre-
viously fixed in both 8% formalin and 70% ethanol were dehydrated in 
an ascending series of ethanol solutions to 70% and then stored until 
processed. Samples were then rehydrated for post-fixation in 1 % buff-
ered osmium tetroxide and dehydrated in an ascending series of ethanol, 
followed by 2 changes of 10% acetone. Specimens were then embedded 
in Spurr's resin and sectioned with a diamond knife, using an automated 
ultra microtome, to a thickness of 80 to 100 nm. After post-staining 
with Reynolds lead citrate and 5% urinal acetone in 50% ethanol, sec-
tions were examined in an FEI Technai T-12 High Resolution TEM 
(FEI Company). Images at varying magnifications were recorded on a 
CD with a digital camera attached to a computer. 
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TABLE I. Reports of geographical and host distribution of Rhadinorhynchus ornatus and its synonyms. 
Name Authors 
Echinorhynchus pristis (in part) Linton (1891, 1908) 
Rhadinorhynchus ornatus Van Cleave (1918) 
Linton (unpublished) 
Meyer (1933) 
Yamaguti (1939) 
Ward (1954) 
Petrochenko (1956) 
Golvan (1969) 
Golvan (1994) 
Geographical distribution 
Woods Hole, Massachusetts, USA 
Woods Hole, Massachusetts, USA 
Woods Hole, Massachusetts, USA 
Woods Hole, Massachusetts, USA 
Tosa Bay, Japan 
Near Miami, Florida USA 
Woods Bay, North America, Sea of 
Japan 
Woods Hole, Massachusetts, USA 
Atlantic coast of USA, Japan 
Host(s) 
Tylosurus acus (Lacepede) 
T. acus 
T. acus 
T. acus 
T. schismatorhynchus (Bleeker) 
Katsuwonus sp. 
T. acus, T. shismatorhynchus 
T. acus 
Williams and Bunkley-Williams Puerto Rico, Western Atlantic Primarily Katsuwonus pelamis 
(Linnaeus) (1996) 
This paper Pacific off Colombia, Ecuador, Peru, K. pelamis 
Rhadinorhynchus katsuwonis 
Nipporhynchus katsuwonis 
Nipporhynchus ornatus 
Rhadinorhynchus vancleavei 
Harada (1928) 
Yamaguti (1935) 
Golvan (1969) 
Williams and Bunkley-Williams 
(1996) 
Chandler (1934) 
Petrochenko (1956) 
Yamaguti (1963) 
Van Cleave (1940) 
Yamaguti (1963) 
Reese (1970) 
Golvan (1969) 
RESULTS 
A total of 334 mature adult specimens of R .• ornatus was 
collected from the small intestine of 21 of 34 male K. peZamis 
(139 worms) and 37 of 46 female tunas (195 worms) on 2 
occasions during late September and early October, 2005 on the 
high seas of the Pacific Ocean off the western coast of South 
America. The prevalence, mean worms per fish, range of in-
fection per fish, and worm biomass were 62%, 4.09, 1-36, 
0.0030-0.6700 (0.0251), respectively, in males, and 80%, 4.24, 
1-25, 0.0043-0.3209 (0.0397), respectively, in females. Male 
and female tunas examined were of comparable size and 
weight. Male fish weighed 893-7,700 (4,259) g and measured 
(standard length/maximum depth) 41.5-71.4 (63.1)/12.4-25.0 
(18.8) cm. Females weighed 798-7,440 (4,304) g and measured 
39.2-74.0 (62.0)/10.5-25.1 (20.1) cm. 
Fifty-four specimens of R. ornatus were processed, mounted, 
and studied by light microscopy, of which 26 specimens (11 
males and 15 females) were measured. Six other specimens (3 
males, 3 females) were used for SEM studies. SEM observa-
tions were consistent in all 6 specimens studied. An additional 
4 specimens were used in TEM studies. 
REDESCRIPTION 
Rhadinorhynchus oranatus (Van Cleave, 1918) 
(Figs. 1-18) 
General: With characters of genus. Shared structures larger in fe-
males than in males, except neck. Measurements in Table II. Trunk long, 
uniformly cylindrical, spinose anteriorly in 2 regions, separated by as-
etc. 
Adjacent seas of Hatijosima region 
Japan 
Japan at Hatijosima region 
Puerto Rico, Western Atlantic 
Sea of Japan 
Japan 
Galapagos Islands 
Atlantic and Pacific 
Bermuda 
Galapagos Islands 
K. pelamis 
K. pelamis 
K. pelamis 
K. pelamis and others 
K. pelamis 
K. pelamis, K. alletteratus 
(Rafinesque) 
K. pelamis, K. alletteratus 
T. acus, T. schismatorhynchus 
K. pelamis 
K. pelamis, K. alletteratus 
pinose zone. Anterior spinose area of 3-6 nearly complete circles of 
spines; posterior area with 5-13 circles of mostly ventral spines de-
creasing in number posteriorly. Anterior trunk spines (Fig. I) shorter 
than posterior spines (Fig. 2), but usually embedded basally in longer 
cuticular cone. Cuticular surface flat, electron dense, porous with 
rimmed pores in proboscis (Fig. 3), with cauliflower-like microtrichs in 
neck and mid-trunk (Figs. 4, 6, 17), with amorphous fibrous protrusions 
in anterior trunk (Fig. 5), and with packed papilliform microtrichs in 
posterior trunk (Figs. 7, 18). Proboscis long, cylindrical, widening an-
teriorly, with 22-24 longitudinal rows of 37-38 alternating hooks each. 
Hook surface with longitudinal'elevated striations (Fig. 8). Four circles 
of subapical hooks, next longest to basal hooks, with dorsal hooks lon-
ger and thicker than ventral hooks (Figs. 9a, b). Hooks in next 24 circles 
gradually decrease in length and thickness, then progressively increase 
again towards posterior end. All ventral post-subapical hooks (circle 5 
to basal circle) shorter and more robust than dorsal post-subapical hooks 
(Table III). Basal hooks in perfect circle (Fig. 10). Hook roots simple, 
posteriorly directed. Neck prominent with I pair of dorsal sensory pits 
(Figs. 10, II). Proboscis receptacle more than twice as long as probos-
cis, with cephalic ganglion near its middle. Lemnisci digitiform, some-
what shorter than receptacle. 
Male (based on 11 specimens with sperm): Measurements in Table 
II. Testes oblong, large, contiguous, post-equatorial. Anterior testis lon-
ger than posterior testis. Cement glands 4, relatively long, of unequal 
length, in 2 pairs staggering anteriorly, but joining posteriorly into 2 
narrowing branches continuous with paired cement gland ducts encir-
cling Saefftigen's pouch. Gonopore terminal. Bursa with rimmed edge 
(Figs. 12, 13) and internal sensory papillae. 
Female (based on J 5 gravid specimens): Measurements in Table II. 
Uterus slender, cylindrical. Gonopore, subventral, slit-like in raised or-
ifice (Fig. 14). Eggs fusiform (Fig. 15), with a corrugated surface (Fig. 
16) and polar prolongation of fertilization membrane. 
Taxonomic summary 
Definitive host: Skipjack tuna, Katsuwonus pelamis (Linnaeus, 1758) 
(=Scomber pelamides Lacepede, 1880; Scomber pelamys Block and 
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TABLE II. Comparative measurements of Radinorhynchus omatus from Massachusetts, Japan, Colombia, Ecuador, and Peru. 
Massachusetts Japan 
Linton (1891, 1908), Harada (1928), Colombia, Ecuador, and Peru 
Van Cleave (1918, 1940) Yamaguti (1935) This paper 
Character From Tylosurus acus From Kastuwonus pelamis From Katsuwonus pelamis 
Males 
Trunk L X W (mean (mm» 8.7 X 0.6--0.65 10.0-17.0 X 0.62-0.7 9.37-16.05 (13.11) X 0.45-0.65 (0.52) 
Proboscis L X W (mean) 1,200 X 170 1,600-2,000 X 160-230 1,450-2,175 (1,840) X 166--240 (200) 
Hooks row X rows (mean) 38-40 X 22-24 28-39 X 20-22 37-38 (37.5) X 22 
Mid-dorsal/vent. hook L (mean) 70-80/50-60* 55-72 55-67 (62) [see Table III] 
Basal hook L (mean) 82-100 80-100 68-85 (80) 
Neck L X W (mean) 320-500 X 300 343-468 (412) X 229-312 (271) 
Ant./post. trunk spine circles 3/7 3/3 3-6 (4.4)/6-13 (9.4) 
Ant./post. trunk spine L 42-80/50-70 50-66 47-65 (58)160-70 (64) 
Receptacle L X W (mean) 3,050 X 280 3,500-4,800 X 270-350 3,425-5,148 (4,370) X 187-312 (250) 
Lemnisci L X W (mean) 2,000 X 60* 4,000 X 270 2,600-4,200 (3,370) X 62-156 (110) 
Ant. testis L X W (mean) 400 X 270 750-1,100 X 400-500 603-1,125 (827) X 225-325 (272) 
Post. testis L X W (mean) 310 X 300 750-1,100 X 400-500 520-950 (710) X 156--325 (271) 
Cement gi. L X W (mean) 3,000-5,600 X - 1,750-4,232 (2,710) X 104-291 (174) 
Saefftigen's p. L X W (mean) 1,500-2,000 1,200-1,625 (1,420) X 146-250 (188) 
Bursa L X W (mean) Papillae on inner surface 650 X 425 
Females 
Trunk L X W (mean (mm» 12.00-25.0 X 0.6-0.8 28.0-35.0 X 1.0-1.2 11.50-27.25 (20.04) X 0.40-0.72 (0.58) 
Proboscis L X W (mean) 2,300-2,600 X 400 1,630-2,500 X 170-280 1,875-2,525 (2.23) X 228-300 (259) 
Hooks row X rows (mean) 38-40 X 22-24 27-40 X 18-22 37-38 (37.5) X 22-24 (23) 
Mid dorsal/vent. hook L (mean) 70-80/50-60* 55-90 60-72 (67) [see Table III] 
Basal hook L (mean) 82-100 80-108 83-103 (93) 
Neck L X W (mean) 400 X 300 440-500 X 300-400 343-489 (406) X 250-312 (282) 
Ant./post. trunk spine circles 3/7 Ant./post. spines not separated 4-6 (5.2)/5-13 (8.1) 
Ant./post. trunk spine L 42-80/50-70 50-90 63-85 (69)/70-88 (79) 
Receptacle L X W (mean) 3,050-5,000 X 280* 3,600-5,800 X 350-380 3,950-6,250 (5.210) X 229-364 (288) 
Lemnisci L X W (m~an) 2,000 X 60* 4,000 X 270 2,810-4,875 (4,050) X 104-166 (141) 
Eggs L X W (mean) 59-69 X 20-24 65-87 X 21-28 70-85 (77) X 20-25 (22) 
* Linton (\891) noted that dorsal proboscis hooks are smaller than ventral hooks and that leminisci are about as long as the receptacle. 
- = no data available. 
however, simple and not complex apically, unlike those from the mid-
and hind-trunk and of R. omatus. The different structures noted at the 
tegumental surface of the proboscis, neck, and the 3 trunk regions sug-
gest possible differences in functional specializations related to absorp-
tion. Differential absorption studies in these neck and trunk regions need 
to be made. 
A few other acanthocephalans species were observed to have a po-
rous trunk tegumental surface similar to that observed in the proboscis 
of R. omatus. These include Polymorphus minutus (Goeze, 1782) LUhe, 
1911 by Crompton and Lee (1965) and Whitfield (1979); Moniliformis 
moniliformis (Bremser, 1811) Travassos (1915) by Wright and Lumsden 
(1969) and Byram and Fisher (1973); Macracanthorhynchus hirudina-
ceus (Pallas, 1781) Travassos (1916, 1917) and by Miller and Dunagan 
(1976); and Sclerocollum rubrimaris Schmidt and Paperna, 1978 by 
Abdou and Mahfouz (2006). Wright and Lumsden (1970) and Byram 
and Fisher (1973) further reported that these peripheral canals are con-
tinuous, with canalicular crypts. These crypts appear to "constitute a 
huge increase in external surface area . .. implicated in nutrient up-
take." Whitfield (1979) estimated a 44-fold increase at a surface density 
of 15 invaginations per 1 /-Lm2 of M. moniliformis tegumental surface 
(Byram and Fisher, 1973). Surface crypts may be involved in pinocy-
tosis and lysosomal activity (Miller and Dunagan, 1976). This would 
be a unique function in the proboscis of R. omatus, if such a role proves 
to be valid and of a comparable nature. 
The well-defined, sutured rim at the distal end of the male bursa, the 
lateral slit-like females gonopore, the raised female genital orifice, and 
the corrugated surface of eggs are reported in R. omatus for the first 
time. No reference to any of those features was found in other acan-
thocephalans. 
Measurements of the various male and female anatomical structures 
were generally comparable to those of specimens collected from the 
same host species, K. pelamis, in Japan (Harada, 1928; Yamaguti, 1935) 
and from T. acus in the United States (Linton, 1891, 1908; Van Cleave, 
1918, 1940). However, differences that could be attributed to geography 
between our specimens and those from Japan (from the same host spe-
cies) were noted (Table II). Geographical variability was previously 
noted in other acanthocephalans, e.g., Mediorhynchus papillosus Van 
Cleave, 1916 (see Amin and Daily, 1998). The Japanese specimens 
included worms with considerably fewer proboscis hooks per row, few-
er trunk spines, testes of equal length, females with a wider range of 
proboscis hook length and trunk spine length, and unseparated trunk 
spine fields. It is not certain how geographical distribution in this case 
would impact such morphological variability, considering the presumed 
continuous flow of parasite infrapopulations in the skipjack tuna pop-
ulations which presumably have contiguous distribution throughout 
their circumtropical belt of worla's oceans (Gardieff, undated). 
Host species is known to be a variable affecting intraspecific vari-
ability in the Acanthocephala. For instance, morphological variability 
in Acanthogyrus (Acanthosentis) tilapiae was related to host species and 
host diet, as they affect differential growth in various worm structures 
(Amin et aI., 2008). Similar observations were made in other acantho-
cephalan species including Echinorhynchus salmonis MUller, 1784 (see 
Amin and Redlin, 1980). Similarly, the measurements of R. omatus 
from K. pelamis in the South American Pacific (this paper) varied from 
those from T. acus in the North American Atlantic, as follows: In our 
male specimens, the trunk, proboscis receptacle, lemnisci, and testes 
were larger, proboscis hooks were relatively fewer and smaller, and 
trunk spines were more numerous. Our female specimens had relatively 
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TABLE III. Comparison between the dorsal and ventral proboscis hooks of 2 female Rhadinorhynchus ornatus specimens. 
Hook no. Female no. 1 Female no. 2 Average 
(from Dorsal hooks Ventral hooks Dorsal hooks Ventral hooks Dorsal hooks Ventral hooks 
anterior) (length X diameter) (length X diameter) (length X diameter) (length X diameter) (length X diameter) (length X diameter) 
1 62 X 12 52 X 17 55 X 14 
2 80 X 22 65 X 17 72 X 22 
3 82 X 27 75 X 25 75 X 25 
4 82 X 27 70 X 27 77 X 25 
5 72 X 25 60 X 25 70 X 20 
6 60 X 15 55 X 19 67 X 17 
7 55 X 15 55 X 20 65 X 17 
8 57 X 15 55 X 17 65 X 15 
9 55 X 15 62 X 20 62 X 12 
10 60 X 15 55 X 20 62 X 12 
11 62 X 15 62 X 22 62 X 12 
12 62 X 15 52 X 20 62 X 12 
13 55 X 15 52 X 20 62 X 12 
14 55 X 15 52 X 17 62 X 12 
15 55 X 15 55 X 17 60 X 12 
16 52 X 14 52 X 17 57 X 12 
17 55 X 12 55 X 17 55 X 12 
18 55 X 14 50 X 17 52 X 11 
19 55 X 15 50 X 17 52 X 11 
20 55 X 14 47 X 15 50 X 11 
21 55 X 12 47 X 15 50 X 11 
22 50 X 12 45 X 15 50 X 10 
23 50 X 12 45 X 15 50 X 12 
24 47 X 12 45 X 15 47 X 12 
25 45 X 12 45 X 15 47 X 10 
26 47 X 12 47 X 17 47 X 11 
27 45 X 12 47 X 17 47 X 12 
28 45 X 1'2 47 X 17 46 X 11 
29 50 X 12 47 X 17 47 X 12 
30 52 X 10 50 X 17 50 X 12 
31 52 X 10 50 X 17 52 X 11 
32 55 X 10 50 X 17 52 X 10 
33 57 X 10 52 X 15 60 X 12 
34 62 X 10 55 X 15 65 X 12 
35 62 X 10 55 X 15 70 X 12 
36 70 X 12 60 X 15 75 X 12 
37 70 X 12 67 X 15 
38 87 X 15 80 X 17 82 X 15 
- = no data available. 
fewer proboscis hooks, more trunk spines, longer lemnisci, and longer 
eggs (Table II). All of the above noted differences, however, fall within 
the normal range of intraspecific variations, especially in a species that 
has such a wide host and geographical distribution. Occasional refer-
ences to a few selected measurements by other observers fell within the 
range of those noted in Table II. Inaccurate observations, at odds with 
the above pattern, are occasionally found. For example, Linton (1891) 
noted that "on the dorsal side of the proboscis, the hooks are smaller 
than they are on the ventral, and arcuate," and that the "lemnisci appear 
to be about the same length as the sheath." Linton (1891) may have 
confused the dorsal with the ventral hooks and did not provide a mea-
surement of the lemnisci. Harada (1928) reported the length of the an-
terior and posterior testis as 8.4 mm and the vaginal opening as "dor-
soterminal. " 
DISCUSSION 
It appears that both K. pelamis, a perciform scrombrid fish, 
and T. acus, a beloniform ray-finned needlefish, are principal 
50 X 15 58 X 13 51 X 16 
63 X 16 76 X 22 64 X 16 
72 X 21 78 X 26 73 X 23 
67 X 23 79 X 26 68 X 25 
57 X 20 71 X 22 58 X 22 
55 X 19 63 X 16 55 X 19 
50 X 20 60 X 16 52 X 20 
50 X 17 61 X 15 52 X 17 
52 X 17 58 X 13 57 X 18 
52 X 17 61 X 13 53 X 18 
55 X 17 62 X 13 58 X 19 
55 X 17 62 X 13 53 X 18 
55 X 17 58 X 13 53 X 18 
55 X 17 58 X 13 53 X 17 
55 X 17 57 X 13 55 X 17 
52 X 16 54 X 13 52 X 16 
50 X 15 55 X 12 55 X 16 
50 X 15 53 X 12 50 X 16 
50 X 15 53 X 13 50 X 16 
47 X 15 52 X 12 47 X 15 
45 X 15 52 X 11 46 X 15 
47 X 15 50 X 11 46 X 15 
45 X 15 50 X 12 45 X 15 
42 X 15 47 X 12 45 X 15 
45 X 15 46 X 11 45 X 15 
44 X 15 47 X 11 45 X 16 
45 X 15 46 X 12 46 X 16 
45 X 15 45 X 11 46 X 16 
45 X 16 48 X 12 46 X 16 
47 X 16 51 X 11 48 X 16 
50 X 15 52 X 10 50 X 16 
52 X 15 53 X 10 51 X 16 
52 X 15 58 X 11 52 X 15 
55 X 14 63 X 11 55 X 14 
60 X 15 66 X 11 57 X 15 
65 X 15 72 X 12 62 X 15 
70 X 12 67 X 15 
85 X 15 86 X 15 82 X 16 
hosts for R. ornatus throughout their range. Principal hosts are 
defined as assuming a "major role of supporting the adult (par-
asite) population. Infections are usually prevalent and heavy 
and worms readily grow, develop, and mature in these hosts; 
gravid females are common" (Amin, 1987). 
The skipjack tuna is an epipelagic fish occurring in waters 
ranging in temperature from 14.7 to 30 C. It is distributed cir-
cumtropically and also along the oceanic coast of Europe and 
throughout the North Sea, but is absent from the Mediterranean 
and Black Seas (Gardieff, undated). The agujon needlefish, T. 
acus, has a world-wide distribution in tropical and subtropical 
waters in the northern and western Atlantic from Massachusetts, 
U.S.A. to Brazil and the eastern Atlantic off Morocco and the 
Mediterranean. It has also been reported in the Caribbean, In-
dian Ocean, eastern Gulf of Mexico, and Yokohama (Japan) 
(Collette and Parin, 1986). 
Skipjack tuna appears to undergo extensive migrations 
throughout the tropical Pacific Ocean, and there are no apparent 
barriers to its movement. Other species of tuna and related fish 
appear to serve as alternate principal hosts, at least in Puerto 
Rico and the western Atlantic (Williams and Bunkley-Williams, 
1996). These include dolphin, Coryphaena hippurus (Linnae-
us); chub-mackerel, Scomber japonicus Houttuyn; Alantic 
mackerel, S. scombrus (Linnaeus); figate tuna, Auxis thazard 
(lacepecte); little tunny, Euthynnus alletteratus (Rafinesque); al-
bacore tuna, Thunnus alalunga (Bonnaterre); yellowfin tuna, T. 
albacares (Bonnaterre); king mackerel, Scomberomorus cavalla 
(Cuvier); swordfish, Xiphias gladius Linnaeus; Atlantic sailfish, 
Istiophorus albicans (Latrielle); and Atlantic blue marlin, Mak-
aira nigricans Lacepede. Williams and Bunkly-Williams (1996) 
also identified R. ornatus from K. pelamis and recognized it as 
the "characteristic parasite" in skipjack tuna and of Atlantic 
mackerel and as a "secondary parasite" in dolphin, at least in 
the Caribbean and the western Atlantic, based on parasite prev-
alence and sex ratios. A prevalence reaching 100% was noted 
for Rhadinorhynchus sp. (probably R. ornatus) in albacore tuna 
in the south Pacific (Jones, 1991). The role of T. acus in the 
maintenance and distribution of R. ornatus populations is of 
comparable importance to that of K. pelamis. It is clear that the 
distribution of adult parasites in their fish hosts will invariably 
correlate with the distribution of their intermediate host. 
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REDESCRIPTION OF THE FROG BLADDER FLUKE GORGODERINA ATTENUATA FROM 
THE NORTHERN LEOPARD FROG, RANA PIPIENS 
Matthew G. Bolek*t, Scott D. Snyder*:j:, and John Janovy, Jr. 
School of Biological Sciences, University of Nebraska-Lincoln, Lincoln, Nebraska 68588. e-mail: bolek@okstate.edu or 
sdsnyder@mail.unomaha.edu 
ABSTRACT: Morphological characters used to differentiate North American bladder flukes, Gorgoderina spp., are problematic 
and different authors use different morphological characteristics for distinguishing species. More importantly, no type specimens 
exist for 4 of the 12 North American species infecting anuran and caudatan hosts. A redescription of Gorgoderina attenuata 
(Stafford, 1902) Stafford, 1905 is based on new collections from 6 species of anurans from Arkansas, Nebraska, New York, and 
Wisconsin. Morphological comparisons between gravid G. attenuata recovered from bullfrogs and northern leopard frogs indicated 
statistically significant differences in II of 28 morphological characters examined. However, there was overlap among all of 
these characters, and it is unclear whether these morphological types represent host-induced morphological changes in worm 
morphology or cryptic species. Based on our findings, we suggest that morphological and molecular data from G. attenuata-like 
worms recovered from the other 23 definitive hosts reported for G. attenuata need to be collected to resolve this issue. 
There are more than 50 species of Gorgoderina Looss, 1902 
amphibian bladder flukes found worldwide. Twelve species 
have been described from anuran and caudatan hosts from Can-
ada and the United States (see Mata-L6pez et aL, 2005; Mata-
L6pez 2006). Stafford (1902) described 3 species of Gorgodera 
Looss, 1899, now considered to be members of Gorgoderina: 
Gorgoderina attenuata (Stafford, 1902) Stafford, 1905, G. opa-
ca, (Stafford, 1902) Stafford, 1905, and G. translucida (Staf-
ford, 1902) Stafford, 1905; Stafford (1902) also reported on G. 
simplex (Looss, 1899) Looss, 1902 and Gorgodera amplicava 
Looss 1899 from anurans assumed to be collected in Toronto, 
Canada. None of these specimens was deposited in any muse-
um. To our knowledge, no type specimens exist for G. attenuata 
or the other Gorgoderina spp. described or reported on by Staf-
ford (1902) in the Harold W. Manter Laboratory (HWML) of 
Parasitology or the U.S. National Parasite Collection, and it is 
assumed that the types for these 4 North American species of 
Gorgoderina, including G. attenuata, have beeh lost or de-
stroyed. Of the 4 species of Gorgoderina reported by Stafford 
(1902), G. attenuata is the most commonly reported bladder 
fluke in North and Central American anurans and caudatans and 
it has been reported from 24 amphibian and reptilian hosts (see 
Brooks, 1976; Mata-L6pez et aL, 2002; Bolek and Coggins, 
2003; Mata-L6pez and Le6n-Regagnon, 2006; Bolek et aL, 
2009). 
Stafford (1902) described G. attenuata from the green frog 
Rana virescens, which is currently a junior synonym of the 
southern leopard frog Rana sphenocephala Cope 1886. The 
range of the southern leopard frog does not extend into Canada 
and it is not clear what species of frog Stafford (1902) was 
dealing with (Lannoo, 2005). However, R. virescens has also 
been used as a synonym for the northern leopard frog Rana 
pipiens Schreber, 1782 (see Frost et aL, 2006) in the older lit-
erature, and it is assumed that Stafford's G. attenuata was de-
scribed from the northern leopard frog that occurs in Canada 
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(see Brooks, 1976). From Stafford's description, the type of 
locality for G. attenuata is also unclear. Stafford (1902) indi-
cated that he collected G. translucida from Bufo lentiginosus (a 
junior synonym for Bufo americanus LeConte in Cuvier, 1831) 
and R. virescens, and gives Ashbridges Bay, Toronto, as the 
location for his collection of B. lentiginosus, but he provides 
no other localities for any of the other anurans that he exam-
ined. More problematic is the fact that Stafford's description of 
G. attenuata and the other 3 species of Gorgoderina are very 
poor and most morphological characters are omitted. 
Due to Stafford's (1902) poor descriptions, morphological 
characters used to identify G. attenuata from the other 11 North 
American Gorgoderina spp. are problematic because different 
authors use different morphological characteristics in distin-
guishing among species (see Stafford, 1902; Cort, 1912; Olsen, 
1937; Goodchild, 1950; Brooks, 1976; Mata-L6pez et aL, 
2005). The defining characters in distinguishing G. attenuata 
from most other North American Gorgoderina spp. are the at-
tenuated body and the large acetabulum diameter reported as 
the oral sucker to acetabulum ratio (OS). However, depending 
on the author, reports of this ratio differ from 1 :2.1 to as large 
as 1:2.85-3.0 (Stafford, 1902; Cort, 1912; Olsen, 1937; Good-
child, 1950; Brooks, 1976; Mata-L6pez et aL, 2005). Finally, 
recent studies on the life cycle of G. attenuata by Bolek et aL 
(2009) indicate that the life cycle of G. attenuata from Ne-
braska differs among northern leopard frogs and bullfrogs Rana 
catesbeiana Shaw 1802 and from the original life cycle descrip-
tion of this species in green frogs Rana clamitans Latreille in 
Sonnini de Manoncourt and Latreille, 1801 and eastern newts 
Notophthalmus viridescens (Rafinesque, 1820) from Massachu-
setts (Rankin, 1939). These data suggest that G. attenuata from 
different hosts may represent distinct populations, or cryptic 
species. Taken together, Stafford's (1902) poor description, the 
questionable identity of the'type host, and the lack of a type 
locality for G. attenuata, along with the discovery of life cycle 
variation by Bolek et aL (2009) warrant the redescription of G. 
attenuata. In this paper, we address these issues by (1) rede-
scribing G. attenuata from 6 species of anurans from specimens 
collected from a variety of locations in North America and des-
ignating a neotype specimen of this species; and (2) comparing 
the morphology of G. attenuata-like worms that vary in their 
recruitment in northern leopard frogs and bullfrogs in Nebraska 
(Bolek et aL, 2009). 
666 THE JOURNAL OF PARASITOLOGY, VOL. 95, NO. 3, JUNE 2009 
MATERIALS AND METHODS 
REDESCRIPTION 
Gorgoderina attenuata (Stafford, 1902) Stafford, 1905 
(Fig . 1) 
I. 
t d fr m dar 
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TABLE 1. Morphological characteristics of adult G. attenuata from bullfrogs and northern leopard frogs. Range and means (in parentheses) are 
given in !-Lm unless otherwise noted. 
Shape 
Body length 
Body width 
Forebody length 
Forebody width at cecal bifurcation 
Hind body length 
Hind body width 
Oral sucker length 
Oral sucker width 
Esophagus length 
Esophagus width 
Acetabulum length 
Acetabulum width 
OS/AC width ratio 
Body widthlAC width ratio 
Cecal length from posterior extremity (%) 
Anterior testis length 
Anterior testis width 
Posterior testis length 
Posterior testis width 
Seminal vesicle length 
Seminal vesicle width 
Ovary length 
Ovary width 
Vitellaria, number and shape 
Uterus 
Egg length 
Egg width 
* Approximate t', -test. 
G. attenuata from bullfrogs 
n = 20 
Range (mean) 
Elongate 
l.3-4.5 mm (2.9) 
0.25-0.56 mm (0.35) 
0.20-0.61 mm (0.45) 
150-400 (220) 
0.19-3.19 mm (2.04) 
0.25-0.56 mm (0.35) 
120-300 (230) 
110-270 (209) 
80-150 (113) 
40-60 (43) 
320-880 (595) 
350-800 (592) 
0.3-0.48 (0.36) 
0.41-0.90 (0.60) 
6.3-7.9 (7.2) 
40-600 (368) 
150-300 (214) 
250-980 (553) 
150-300 (201) 
50-240 (119) 
50-190 (93) 
120-330 (277) 
100-230 (165) 
2 kidney-shape lobed 
Sinuous; filling available 
space posterior to ovary 
25-33 (28) 
17.5-23 (18) 
= 44) by 100-390 !-Lm (223) wide (n = 42). Seminal vesicle oval to 
round, dorsal to the anterior edge of acetabulum; 50-250 !-Lm (139) 
long and 50-190 !-Lm (104) wide. Genital pore anterior to ventral sucker, 
located medially in forebody. Ovary anterior to anterior testis and pos-
terior to vitellaria; sometimes overlaps anterior testis, oval to irregular 
in shape located on the right or left side of body, 120-430 !-Lm (287) 
long and 100-320 !-Lm (187) wide (n = 45). Vitellaria 2, compact kidney 
to oval shape lobed masses; occasionally not compact in some individ-
uals recovered from bullfrogs, immediately posterior to acetabulum on 
middle line of body. Uterine loops filling postacetabular region and 
overlapping dorsally, ventrally, and laterally with testes, usually overlap 
entire posterior testis and partially overlap ovary and vitelline glands in 
large individuals. Eggs thin shelled and nonoperculated, embryonated, 
25-35 !-Lm (29) long, and 15-23 !-Lm (18) wide (N = 45). 
Taxonomic summary 
Type host: Rana pipiens Schreber 1782, (Anura: Ranidae). 
Other hosts: Rana blairi Mecham, Littlejohn, Oldham, Brown, and 
Brown, 1973; R. catesbeiana Shaw, 1802; R. chiricahuensis Platz and 
Mecham, 1979; R. clamitans Latreille in Sonnini de Manoncourt and 
Latreille, 1801; R. dunni Zweifel, 1957; R. grylio Stejneger, 1901; R. 
heckscheri Wright, 1924; R. megapoda Taylor, 1942; R. montezumae 
Baird, 1854; R. neovolcanica Hillis and Frost, 1985; R. palustris Le-
Conte, 1825; R. septentrionalis Baird, 1854; R. sphenocephala Cope, 
1886; R. vaillanti Brocchi, 1877 (Anura: Ranidae); Bufo americanus 
Holbrook, 1836; B. fowleri Hinckley, 1882; B. woodhousii Girard, 1854 
(Anura: Bufonidae); Leptodactylus melanonotus (Hallowell, 1861) (An-
ura: Leptodactilidae); Notophthalmus viridescens (Rafinesque, 1820) 
(Caudata: Salamandridae); Ambystoma andersoni Krebs and Brandon, 
G. attenuata from northern leopard frogs 
n = 20 
Range (mean) 
Elongate 
2.2-5.0 mm (3.3) 
0.35-0.55 mm (0.44) 
0.45-1.0 mm (0.60) 
190-400 (283) 
l.33-3.37 mm (2.32) 
0.35-0.55 mm (0.44) 
200-450 (293) 
200-370 (262) 
80-180 (124) 
30-50 (39) 
400-940 (593) 
450-900 (604) 
0.28-0.56 (0.44) 
0.53-0.96 (0.74) 
5.6-9.9 (7.4) 
100-520 (366) 
100-300 (242) 
90-800 (496) 
100-390 (243) 
80-230 (152) 
50-190 (111) 
200-400 (284) 
130-260 (193) 
2 kidney-shape lobed 
Sinuous; filling available 
space posterior to ovary 
25-35 (29) 
15-23 (17.8) 
t-Test 
-1.5 
-4.18* 
-3.50 
-3.42 
-1.37 
-4.18* 
-3.63 
-3.93 
-1.17 
1.04 
0.03 
-0.30 
-3.8 
-3.69 
-0.36 
0.04 
-1.69 
1.10 
-2.18 
-2.74 
-1.61 
-0.40 
-2.61 
-1.15 
0.93 
P/=/ 
0.14 
0.0002 
0.001 
0.001 
0.18 
0.0002 
0.0008 
0.0003 
0.24 
0.3 
0.97 
0.75 
0.0004 
0.0007 
0.72 
0.96 
0.09 
0.28 
0.04 
0.009 
0.11 
0.69 
0.01 
0.26 
0.36 
1984; A. tigrinum (Green, 1825); A. dumerilii (Duges, 1870); A. ler-
maense (Taylor, 1940) (Caudata: Ambystomatidae); and Thamnophis 
sirtalis (Linnaeus, 1758) (Squamata: Serpentes). 
Site of infection: Urinary bladder. 
Type locality: Cedar Creek, Keith County, Nebraska (R. pipiens; R. 
catesbeiana; B. woodhousii). 
Other localities: New Brunswick, Ontario, and Quebec (all in Can-
ada); Arkansas, Arizona, Florida, Georgia, Illinois, Indiana, Iowa, Kan-
sas, Maine, Massachusetts, Minnesota, Michigan, Nebraska, New York, 
North Carolina, Ohio, Texas, and Wisconsin (all in the United States); 
Cointzio, Michoacan; Laguna Escondida, Veracruz; Lerma, Mexico 
State; Mexico City; Sonora; and Zacapus, Michoacan (all in Mexico); 
Guatemala (see Brooks, 1976; Bolek and Coggins, 2003; Paredes-
Calder6n et aI., 2004; King et aI., 2008; Bolek et aI., 2009). 
Neotype: Deposited at the HWML collection (HWML 49008), Uni-
versity of Nebraska State Museum, Lincoln, Nebraska; vouchers of G. 
attenuata from other anurans were deposited in the H.W. Manter Par-
asitology Collection, University of Nebraska, Lincoln, Nebraska (ac-
cession numbers HWML 48984-48998) by Bolek et al. (2009). 
Remarks 
The few measurements presented by Stafford (1902) fall within the 
ranges presented in the redescription; all qualitative features (shape, 
position of the vitellaria, testes, and ovary) observed in the specimens 
used in this study were consistent with those articulated by Stafford 
(1902). Of the 12 North American amphibian bladder flukes in the 
genus Gorgoderina, G. attenuata, along with G. tanneri Olsen, 1937, 
and G. aurora Ingles, 1936, form a group of North American Gorgo-
derina spp. distinguished from the other members of the genus in that 
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the acetabulum is approximately twice the length and width of the oral 
sucker. However, G. tanneri can be distinguished from G. attenuata by 
its regularly lobed vitellaria, with 3-6 lobes with a slender stem versus 
compact kidney-shaped lobed masses in G. attenuata. Gorgoderina au-
rora differs from G. attenuata by being longer (5.0-8.0 mm vs. 1.3-
5.0 mm) and wider (0.65 mm vs. 0.40 mm) and having a wider acetab-
ulum (0.65 mm vs. 0.60 mm). 
Morphological comparisons between gravid G. attenuata recovered 
from bullfrogs and northern leopard frogs are presented in Table I. Sta-
tistically significant differences between worms from bullfrogs and 
northern leopard frogs existed in body width, forebody length and 
width, hindbody width, oral sucker length and width, OS/ AC width 
ratio, body width to acetabulum ratio, ovary width, posterior testis 
width, and seminal vesicle length. Although the differences were sig-
nificant, there was overlap in the size range of all of these characters. 
DISCUSSION 
Stafford (1902) based his original description of G. attenuata 
on worms recovered from R. virescens (= R. pipiens?) and 
indicated (but did not provide any measurements) that worms 
recovered from R. catesbeiana were similar to, but morpholog-
ically different from, worms recovered from R. virescens. Staf-
ford (1902), Cort (1912), and Goodchild (1950) all indicated 
that G. attenuata recovered from bullfrogs were smaller and 
differed in the morphology of their testes when compared with 
worms from northern leopard frogs. Additionally, Goodchild 
(1950) and Bolek et al. (2009) indicated that gravid G. atten-
uata recovered from bullfrogs and northern leopard frogs differ 
in their location in the host (urinary bladder in northern leopard 
frogs and urinary bladder and kidneys in bullfrogs). Currently, 
it is unclear whether G. attenuata-like worms recovered from 
bullfrogs and the 22 other hosts reported for this species are 
morphologically different from worms recovered from northern 
leopard frogs due to host-induced morphological variability, 
represent distinct populations, or are cryptic species. Recent life 
cycle studies on G. attenuata in northern leopard frogs, Wood-
house's toads, and bullfrogs in Nebraska by Bolek et al. (2009) 
indicate that the life cycle strategies of G. attenuata in bullfrogs 
differ compared with the strategies of G. attenuata worms in 
northern leopard frogs and Woodhouse's toads, as well as from 
the original life cycle description of this species in green frogs 
and eastern newts by Rankin (1939). Based on our morpholog-
ical study and life cycle studies by Bolek et al. (2009), we 
suggest that morphological and molecular data from multiple 
genes from G. attenuata-like worms collected from bullfrogs 
and different populations of the 22 other species of definitive 
hosts will be necessary to resolve this issue. 
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NEW GENUS OF PHARYNGODONIDAE (NEMATODA: OXYURIDEA) AND OTHER 
HELMINTHS IN PLATYMANT/S NEX/PUS (ANURA: RANIDAE) FROM 
PAPUA NEW GUINEA 
Charles R. Bursey, Stephen R. Goldberg', and Fred Kraust 
Department of Biology, Pennsylvania State University, Shenango Campus, Sharon, Pennsylvania 16146. e-mail: Gxb13@psu.edu 
ABSTRACT: Rokroknema novaebritanniae n. gen., n. sp. (Nematoda: Pharyngodonidae) from the large intestine of Platymantis 
nexipus (Anura: Ranidae) is described and illustrated. Rokroknema represents the second Australo-Papuan genus assigned to the 
family Pharyngodonidae known to infect frogs. It is similar to Parathelandros (the other genus), but it is readily distinguished 
because the posterior pair of caudal papillae is not in the form of a rosette. Platymantis nexipus also was found to harbor 1 
species of Digenea, Opisthioglyphe cophixali, and 5 additional species of Nematoda, adults of Aplectana krausi, Cosmocerca 
novaeguineae, Falcaustra batrachiensis, Icosiella papuensis, and larvae in cysts of Abbreviata sp., plus unidentified cystacanths 
of 1 species of acanthocephalan. 
The Baining wrinkled ground frog, Platymantis nexipus 
Zweifel, 1975, a gray to brown, medium-sized arboreal frog, 
occurs in the Baining and Nakanai Mountains, New Britain Is-
land, Papua New Guinea (Menzies, 2006). The call of P. nex-
ipus has been studied, and notes have been reported regarding 
its habitat (Brown et al., 2006), but to our knowledge, there are 
no helminthological reports for this frog. The purpose of the 
present paper is to describe a new genus of oxyurid nematode 
harbored by P. nexipus and to provide an initial helminth list 
for this host. 
MATERIALS AND METHODS 
Eighteen Platymantis nexipus individuals collected by one of us 
(F.K.) between 25 February and 2 March 2005, near Marmar, New 
Britain Island, Papua New Guinea, and accessioned in the Bernice P. 
Bishop Museum, Honolulu, Hawaii (BPBM 22310-22327), were ex-
amined for helminths. The abdominal cavity of each frog was opened, 
and the gastrointestinal tract was removed, opened longitudinally, and 
searched for helminths using a dissecting microscope. The coelom was 
also searched. Helminths, fixed in situ, were cleared in lactophenol on 
a glass slide and examined using a compound microscope. Illustrations 
were made with the aid of a microprojector. Measurements are given 
in micrometers, unless otherwise stated, as mean ± 1 SD, and range is 
given in parenthesis. Type specimens were deposited in the United 
States National Parasite Collection (USNPC), Beltsville, Maryland, with 
voucher specimens in USNPC and BPBM. 
RESULTS 
Ninety-five nematodes, 8 males and 87 females, of an un-
described oxyurid nematode were found in the large intestines 
of 11 of 18 (61 %) Platymantis nexipus individuals. In addition, 
mature individuals of 1 species of Digenea, Opisthioglyphe co-
phixali Moravec and Sey, 1989, and 5 species of Nematoda, 
Le., mature individuals of Aplectana krausi Bursey and Gold-
berg, 2007, Cosmocerca novaeguineae Moravec and Sey, 1990, 
Falcaustra batrachiensis, Bursey, Goldberg, Kraus, 2008, lco-
siella papuensis Johnston, 1967, and larvae (in cysts) of Ab-
breviata sp., as well as acanthocephalan cystacanths, were 
found. Numbers of individuals, prevalence, and mean intensity 
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for each helminth species are presented in Table I. Description 
of the new species follows. 
DESCRIPTION 
Rokroknema n. gen. 
Diagnosis: Oxyuroidea: Pharyngodonidae Travassos, 1919. Small 
nematodes, prominent sexual dimorphism, males approximately one-
third the length of females. Cuticle with faint longitudinal striations in 
both sexes. Narrow lateral alae present in both sexes, beginning in re-
gion of nerve ring and ending near anus. Mouth triangular, surrounded 
by 3 lips; dorsal lip with 2 sessile papillae; each sublateral lip with 1 
sessile papillae and 1 amphid. Esophagus composed of corpus, short 
isthmus, and valved bulb. Male genital papillae simple, minute, 1 pair 
anterior to cloaca, 1 pair posterior to cloaca, and 1 pair on base of tail 
process. Spicule simple. Excretory pore and vulva in anterior quarter 
of body; vulva just posterior to excretory pore. Vagina directed poste-
riorly; uteri directed anteriorly and posteriorly. Eggs operculate, ovoid 
with 2 longitudinal ridges. 
Taxonomic summary 
Type species: Rokroknema novaebritanniae n. sp. 
Etymology: Generic name derived from "rokrok," Papua New Gui-
nean Tok Pisin (Pidgin English) for "frog," and "nema" meaning 
"nematode. " 
Rokroknema novaebritanniae n. sp. 
(Figs. 1-14) 
General: With generic characteristics defined above. 
Male (holotype and 7 paratypes): Length including tail filament 1.27 
± 0.07 mm (1.15-1.38 mm); width at level of excretory pore 211 ± 
12 (191-230). Narrow lateral alae beginning at level of nerve ring and 
ending near cloaca. Esophageal corpus 180 ± 8 (171-189) long; isth-
mus little more than a groove approximately 3-4 in length; bulb 64 ± 
4 (61-70) long; bulb 64 ± 5 (58-70) wide. Nerve ring 96 ± 9 (85-
110) and excretory pore 297 ± 16 (275-323) from anterior end. Testes 
extending anteriorly, flexed posterior to excretory pore and ending at 
midbody. Genital papillae simple, minute, 1 pair precloacal papillae, 1 
pair postcloacal papillae, and 1 pair on base of tail filament 100 ± 8 
(92-116) posterior of cloaca. Single spiCUle 48 ± 3 (43-52) long, prox-
imal end truncate, distal end pointed. Smooth, filiform tail process 298 
± 26 (244-323). 
Female (allotype and 9 paratypes): Length including tail spike 3.01 
± 0.28 mm (2.56-3.33 mm); width at level of vulva 271 ± 16 (242-
293). Narrow alae beginning at level of nerve ring and ending near 
anus. Esophageal corpus 392 ± 23 (357-434) long; isthmus little more 
than a groove approximately 5-7 in length; bulb 106 ± 7 (98-116) long; 
bulb 120 ± 9 (98-128) wide. Nerve ring 126 ± 6 (116-134), excretory 
pore 525 ± 47 (459-612), and vulva 591 ± 53 (510-676) from anterior 
end. Stiff tail spike 190 ± 20 (165-214) in length, tapering to a point 
in some individuals, truncated in other individuals. Anus 100 ± 19 (79-
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TABLE 1. Site of infection, number (N), prevalence, mean intensity, range, and accession number for helminths in Platymantis nexipus from Papua 
New Guinea. 
Site of 
Helminth infection N 
Digenea 
Opisthioglyphe cophixali Small intestine 6 
Nematoda 
Aplectana krausi Large intestine 37 
Cosmocerca novaeguineae Large intestine 15 
Falcaustra batrachiensis Large intestine 1 
Icosiella papuensis Coelom 
Rokroknema novaebritanniae n. sp. Large intestine 95 
Abbreviata sp. (larva in cyst) Stomach wall 2 
Acanthocephala 
Cystacanths Small intestine 3 
128) from base of tail spike. Egg 118 ± 7 (110-128) in length, 40 ± 
3 (37-43) in width. A flat surface containing operculum joins domed 
portion to produce longitudinal ridge-like feature on uterine eggs. 
Taxonomic summary 
Type host: Platymantis nexipus Zweifel, 1975, Baining wrinkled 
ground frog; symbiotype, BPBM 22315; collected 25 February 2005. 
Type locality: 8.8 km NNW Marmar, (5°27'S, 151°28'E), East New 
Britain Province, New Britain Island, Papua New Guinea. 
Site of infection: Large intestine. 
Type specimens: Holotype male USNPC 100747; allotype USNPC 
100748; paratypes USNPC 100749. 
Etymology: The new species is named for its locality, New Britain 
Island, Papua New Guinea. 
Remarks 
Species of the Pharyngodonidae are parasitic in poikilothermic ver-
tebrates and (rarely) archaic mammals (Petter and Quentin, 1976). Of 
the genera assigned to this family, only Parathelandros Baylis, 1930 
has been recorded from frogs of Papua New Guinea (Bursey et al., 
2008). Rokroknema is similar to Parathelandros in that both possess an 
esophageal bulb with sclerotized apparatus, excretory pore and vulva 
anterior in position, and male genital papillae separated into precloacal, 
postcloacal, and base-of-tail groups, and both lack caudal alae. Rokrok-
nema differs from Parathelandros in that males lack rosette base-of-tail 
papillae (Inglis, 1968). Hasegawa (2005) described Ataronema from 
Japanese rhacophorid frogs; this genus is similar to Parathelandros in 
that both posses an esophageal bulb with sclerotized apparatus, excre-
tory pore and vulva anterior in position, and male genital papillae sep-
arated into precloacal, postcloacal, and base-of-tail groups, and both 
lack caudal alae. It differs from Parathelandros in that males lack ro-
sette base-of-tail papillae and eggs lack opercula. Rokroknema differs 
from Ataronema in that eggs are operculated; other differences include 
position of male excretory pore, close to esophageal bulb in Ataronema, 
away from esophageal bulb in Rokroknema; position of vulva, anterior 
to esophageal bulb in Ataronema, posterior to esophageal bulb in Rok-
roknema; and female tail, long, perhaps flexible process in Ataronema, 
short stiff spike in Rokroknema. 
Prevalence Mean intensity Accession number 
as % x ± I SD Range USNPC BPBM 
17 (3/18) 2.0 ± 1.0 1-3 100751 F298 
11 (2/18) 18.5 ± 24.8 1-36 100752 H276 
17 (3/18) 5.0 ± 6.1 1-12 100753 HI77 
6 (1/18) 1 100754 
6 (1118) 3 100755 
61 (11/18) 8.6 ± 7.6 1-20 100750 H278 
6 (1/18) 2 100756 
11 (2/18) 1.5 ± 0.7 1-2 100757 H279 
DISCUSSION 
Platymantis nexipus represents a new host record for each of 
the helminths found in this study. Opisthioglyphe cophixali was 
described by Moravec and Sey (1989) from Cophixalus parkeri 
collected in mainland Papua New Guinea. Aplectana krausi was 
described by Bursey and Goldberg (2007) from Platymantis 
boulengeri collected from New Britain. Cosmocerca novaegui-
neae was described by Moravec and Sey (1990) from Platy-
mantis papuensis and is known from Genyophryne thomsoni, 
Hylophorbus cf. rufescens, Lechiodus melanopyga, and Sylvir-
ana supragrisea, all from mainland Papua New Guinea (Bursey 
et aI., 2006, 2007, 2008; Goldberg et al., 2007). Falcaustra 
batrachiensis was described by Bursey et aI. (2009) from Nyc-
timystes cheesmani collected from the Owen Stanley Moun-
tains, Papua New Guinea. Icosiella papuensis was described by 
Johnston (1967) from Platymantis papuensis (=Comufer pa-
puensis) from New Guinea and is known from Sylvirana su-
pragrisea collected in Papua New Guinea (Bursey et aI., 2008). 
Larvae of Abbreviata sp. (in cysts) have been reported from 
the New Guinean frog Sylvirana supragrisea and the gecko 
Cyrtodactylus louisiadensis (Bursey et al., 2005, 2008). Un-
identified acanthocephalan cystacanths have been reported from 
New Guinean frogs Hylophorbus cf. rufescens and Sylvirana 
supragrisea (Bursey et.al., 2007, 2008). It is of interest that all 
mature helminths collected in this study are limited to New 
Guinea or adjacent islands. 
Helminths have been classified as core and secondary species 
according to their prevalence (P): species with prevalences 
>30% are deemed core species (Roca, 1993); species with 10-
20% are considered secondary species (Roca, 1993). In this 
sample, only Rokroknema novaebritanniae represents a core 
species (P = 61 %); Opisthioglyphe cophixali, Aplectana krausi, 
FIGURES 1-12. Rokroknema novaebritanniae n. gen., n. sp. (Ia) Female, entire, truncate tail, lateral view. (Ib) Female, posterior end, fila-
mentous tail. (2) Female, en face view. (3) Female, anterior end, dorsal view. (4) Male, entire, ventral view. (5) Male, entire, lateral view. (6) 
Egg, pronuclear stage of development. (7) Male, posterior end, ventral view. (8) Egg, opercular surface. (9) Egg, quarter rotation. (10) Egg, lateral 
view. (11) Egg, optical cross section. (12) Male, posterior end, lateral view. 
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A NEW HELIGMONELLID (NEMATODA) FROM SYLVILAGUS FLORIDANUS (LEPORIDAE) 
IN COSTA RICA, WITH SOME COMMENTS ON SPECIES OF PARAHELIGMONELLA 
DURETTE-DESSET, 1971 
Marfa Celina Digiani, Ramon A. Carreno', and Marie-Claude Durette-Dessett 
Divisi6n Zoologfa Invertebrados, Museo de La Plata. CONICET. Paseo del Bosque sin 1900 La Plata, Argentina. 
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ABSTRACT: Paraheligmonella kinsellai n. sp. (Nematoda: Heligmonellidae: Heligmonellinae) is described from the small intestine 
of a cottontail rabbit Sylvilagus floridanus (Allen, 1890) (Leporidae) from Costa Rica. The new species is similar to P. romerolagi 
(Gibbons and Kumar, 1980), parasitic in Romerolagus diazi from Mexico and to P. lamothei Digiani, Carreno, and Durette-
Desset, 2008, parasitic in Sylvilagus floridanus from Costa Rica, by the characters of the synlophe at mid-body, i.e., 14 cuticular 
ridges and a single axis of orientation inclined at 30° to the sagittal axis in both sexes. The males of the new species are 
distinguished from those of P. romerolagi by a caudal bursa that is not bell-shaped, a bursal pattern of type 2-3 with a tendency 
to 2-2-1, and a genital cone that is not hypertrophied. They are also distinguished from the males of P. lamothei by having the 
same bursal pattern in both lobes (in P. lamothei the pattern is 2-2-1 on the right lobe and 2-3, with a tendency to 2-2-1, on 
the left lobe), rays 3 are much longer than rays 2, rays 2 and 3 diverging more proximally, and rays 8 are longer than the dorsal 
ray. The females of the new species also differ from those of P. lamothei by the shape of the posterior extremity (long and 
strongly curved vs. short and nearly straight) and by the synlophe at the ovejector level (ridge no. l' hypertrophied and remaining 
ridges reduced vs. ventral ridges hypertrophied and dorso-lateral ridges reduced). 
At present, 4 species of Paraheligmonella Durette-Desset, 
1971 (Trichostrongylina, Heligmosomoidea) have been de-
scribed, 2 from rodents (Echimyidae and Capromyidae) and 2 
from 1agomorphs, all in the Neotropical region. These species 
are: Paraheligmonella inter.rogans (Lent and Freitas, 1938) 
(type species), parasitic in Thrichomys apereoides (=Cercomys 
cunicularius) (Echimyidae) from Brazil; Paraheligmonella cu-
baensis (Perez-Vigueras, 1943), parasitic in Capromys pilorides 
(Capromyidae) from Cuba; Paraheligmonella romerolagi (Gib-
bons and Kumar, 1980), parasitic in Romerolagus diazi (Le-
poridae) from MexicQ, and Paraheligmonella lamothei Digiani, 
Carreno and Durette-Desset, 2008, parasitic in Sylvilagus flor-
idanus (Leporidae) from Costa Rica. In the same type locality 
as that of P. lamothei (Area de Conservaci6n Guanacaste, Costa 
Rica), we have discovered a fifth species of Paraheligmonella 
from another S. floridanus, which is described herein. 
MATERIAL AND METHODS 
The specimen of Sylvilagus floridanus was collected in the Area de 
Conservaci6n Guanacaste, Costa Rica, in May 2003. The nematodes 
recovered were preserved in 70% ethanol. The synlophe was studied 
following the method of Durette-Desset (1985), and the nomenclature 
used for the study of the caudal bursa is that of Durette-Desset and 
Chabaud (1981). The number of cuticular ridges is expressed as: total 
(dorsal/ventral). Left and right hypertrophied ridges are counted among 
ventral and dorsal ridges, respectively. The ridges are numbered from 
left to right as 1 to 6 for the dorsal ridges and as l' to 8' for the ventral 
ridges. Measurements (holotype/allotype followed by range and mean 
of paratypes in parentheses) are in micrometers except where stated 
otherwise. The parasite classification used, above the family group lev-
el, is that of Durette-Desset and Chabaud (1993), and the nomenclature 
of the hosts at the species level follows Wilson and Reeder (2005). The 
type material was deposited in the Colecci6n Nacional de Helmintos, 
San Jose de Costa Rica, Costa Rica (CHCR), the United States National 
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Parasite Collection (USNPC), the Helminthological Collection of the 
Museo de La Plata, La Plata, Argentina (CHMLP), and the Helmin-
thological Collection of the Museum national d'Histoire naturelle, Paris, 
France (MNHN). 
DESCRIPTION 
Paraheligmonel/a kinsel/ai n. sp. 
(Figs. 1-20) 
General: Small nematodes, uncoiled, curved along ventral 
side or forming 1-3 sinistral spirals along ventral side. Cephalic 
vesicle well developed. In apical view, triangular oral opening 
surrounded by thick ring; 2 amphids, 6 interno-labial, 4 externo-
labial, and 4 cephalic papillae observed. Excretory pore situated 
between 56 and 93% of esophagus length. Deirids situated at 
same level as excretory pore, or slightly anterior or posterior 
to pore (Figs. 1, 2). 
Synlophe (studied in 2 males and 3 females, paratypes): In 
both sexes, body bearing continuous cuticular ridges with chi-
tinoid struts. All ridges, except ventral ridge no. 6', appear just 
posterior to cephalic vesicle and disappear at different levels 
anterior to caudal bursa in male and anterior to vulva in female. 
Ventral ridge no. 6' posterior to excretory pore, near esophago-
intestinal junction. Number of ridges: in both sexes 13 (617) at 
level of distal esophagus (Figs. 8, 11), 14 (6/8) at mid-body 
(Figs. 9, 12), and, in males, 12 (4/8) about 70 anterior to caudal 
bursa (Fig. 10). In female, ridges decreasing progressively 
along ovejector region (Figs. 14-20); at level of proximal in-
fundibulum, 11 (5/6); at level of distal infundibulum, 10 (4/6); 
at level of sphincter 9 (4/5); at level of proximal vestibule, 7 
(3/4); and just anterior to vulva, 1 (ventral). At mid-body, ridges 
adjacent to lateral fields (no. l' and no. 6) hypertrophied. On 
dorsal side, gradient of size of ridges latero-median, from right 
to left. On ventral side, gradient of size from left to right, from 
left ridge no. I' up to axis of orientation. Single axis of ori-
entation of ridges directed from right ventral quadrant to left 
dorsal quadrant inclined at 30° to sagittal axis in both sexes 
(Figs. 9, 12). Within posterior region of body: in male, lateral 
ridges well developed, but not hypertrophied, gradient of size 
preserved, orientation of ridges also preserved (Fig. 10); in fe-
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FIGURES 1-7. Paraheligmonella kinsellai n. sp. (1) Male, anterior extremity, left lateral view. (2) Female, head, apical view. (3) Male, caudal 
bursa, ventral view. (4) (a) Male, genital cone, dorsal view, (b) right latero-ventral view. (5) Male, spicules in situ, right latero-ventral view. (6) 
Female, posterior extremity, right lateral view. (7) Female, tail, right lateral view. Abbreviations: p7: papillae 7. Scale bars for Figures 2, 4, =20 
/-Lm; for Figures 1,7, =50 /-Lm; for Figures 3, 5, 6, =100 /-Lm. 
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FIGURES 8-20. Paraheligmonella kinsellai n. sp. Transverse sections of body. (8-10) Male. (8) At espphago-intestinal junction; (9) at mid-
body (male 3.3 mm long, section at 1.7 mm from apex); (10) at 70 /Lm anterior to caudal bursa (male 3.15 mm long). (11-19) Female. (11) Just 
posterior to esophago-intestinal junction, 390 /Lm from apex; (12) at mid-body (female 4.6 mm long, section at 2.4 mm from apex). Female 5.25 
mm long, at different levels of ovejector; (13) middle part of uterus (810 /Lm from posterior extremity); (14) proximal infundibulum; (15) distal 
infundibulum; (16) sphincter; (17) proximal vestibule; (18) distal vestibule; (19) between vulva and anus. (20) Another female, at sphincter level. 
Arrows indicate disappearance of ridge with respect to the previous section. Ridges in dotted lines indicate disappearance of the ridge along the 
section. Abbreviations: r: right side, v: ventral side, AO: axis of orientation, FA: frontal axis, SA: sagittal axis. All figures orientated as Figure 9. 
Scale bars for all figures =50 /Lm, except for Figure 19, =25 /Lm. 
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male, from distal part of uterus, size of ridges progressively 
decreasing except for ridge no. 1', usually hypertrophied up to 
its disappearance. In 1 sectioned female, ridges no. 1, no. 4', 
no. 6', and no. 4 disappearing first, then ridges no. 8', no. 3, 
and no. 2', then no. 2, no. 5', and no. 6 (Figs. 14 to 17). Last 
ridges (except hypertrophied ridge no. 1) reduced in size and 
disappear along vestibule (Figs 17, 18). Ridge no. l' disap-
pearing just in front of vulva. Pattern may slightly vary in other 
females, with slight differences in extension of dorsal and ven-
tral ridges and degree of reduction of ridge no. 6; however, 
certain asymmetry usually maintained, with left ridge no. l' 
hypertrophied up to its disappearance and always more devel-
oped than other ridges. On tail, no ridges or cuticular thicken-
ings observed in transverse sections. 
Males .(based on holotype and 12 paratypes): 4.35 (3.25-
4.95 [3.78]) mm long and 75 (65-100 [79]) wide at mid-body; 
cephalic vesicle 60 (50-70 [56]) long and 38 (30-45 [35]) 
wide; nerve ring, excretory pore, and deirids situated at 190 
(150-195 [175]), 265 (215-290 [242]), and 260 (210-290 
[237]) from apex, respectively; esophagus 290 (250-350 [298]) 
long. Sub-symmetrical caudal bursa with right lobe slightly 
more developed than left lobe. Pattern of type 2-3 with a ten-
dency to 2-2-1 for both lobes (Fig. 3). Rays 2 and 3, both 
joined along basal third of ray 2 then strongly divergent; rays 
3 much longer than rays 2, protruding from bursal margin; rays 
4 slightly longer than rays 5, both divergent at extremities. Rays 
6 arising from trunk 4-6 at about mid-way between divergence 
of ray 3 and that of ray 5. Rays 8 arising from proximal third 
of dorsal ray and longer than it. Dorsal ray divided at about 
mid-length into 2 branches, each branch giving rise to 2 small 
branches, rays 9 (external branches) slightly longer than rays 
10 (internal branches)~ Spicules 210 (165-250 [190]) long with 
sharp tips. Tips of spicules bent in a right-angle respect to the 
main axis of the spicule (Fig. 5). Ratio spicule .lengthlbody 
length: 4.8% (4.5-5.8 [5.0])%. Gubernaculum poorly devel-
oped, hardly visible in lateral view, 30 (18-30 [22]) long and 
10 (9-15 [11]) wide (n = 5) (Fig. 3). Genital cone well devel-
oped, conical, 60 (40-65 [54]) long and 55 (35-60 [46]) wide 
at base, with sclerotized margins. Ventral lip of genital cone 
distally indented and longer than dorsal lip. Papilla zero not 
observed. Pedunculated papillae 7, close to each other, visible 
on dorsal lip (Fig. 4). 
Females (based on allotype and 13 paratypes): 5.05 (3.40-
6.45 [4.74]) mm long, 80 (62-105 [83]) wide at mid-body; ce-
phalic vesicle 60 (45-70 [54]) long and 40 (30-40 [35]) wide; 
nerve ring, excretory pore, and deirids at 165 (125-182 [157]), 
270 (180-280 [236]), and 250 (177-265 [230]) from apex, re-
spectively; esophagus 325 (245-322 [296]) long. Monodelphic. 
Vulva at 168 (110-200 [154]) from caudal extremity; vagina 
vera 13 (13-20 [16]), vestibule 95 (45-105 [74]) long, sphincter 
30 (18-55 [28]) long and 35 (25-40 [35]) wide, infundibulum 
95 (65-95 [79]) long; uterus length 840 (480-880 [683]) long, 
taking up 16.6% (1l.5-22.1 [14.6])% of body length, contain-
ing 31 (12-38 [23]) eggs 50-52 (40-60) long and 27-30 (25-
35) wide (Fig. 6). Tail conical, 48 (40-65 [52]) long, bearing 
2 fiat lateral ridges or cuticular thickenings (Fig. 7). 
Taxonomic summary 
Type host: Sylvilagus fioridanus (Leporidae). 
Site of infection: Small intestine. 
Type locality: Sector Quebrada Grande, 2 km west of the 
village, Guanacaste, Costa Rica, 10051'25"N, 85°27'09"W. Al-
titude: 350 m.a.s.1. 
Prevalence and intensity of infection: One of 3 examined 
hosts (captured on different dates and from different localities 
of the same area) harbored 50 males and 152 females. 
Co-parasites recorded: Cestodes (unidentified). 
Type material: holotype, allotype, and 32 paratypes deposited 
in the CHCR: holotype CHCR No. 288, allotype CHCR No. 
289, 7 male paratypes CHCR No. 290, 25 female paratypes 
CHCR No. 29l. Other paratypes: 8 males, 22 females CHMLP 
5873; 5 males, 15 females MNHN 408MQ; 15 males, 68 fe-
males USNPC No.1Oll64. 
Etymology: Paraheligmonella kinsellai n. sp. is named in 
honor of our colleague, Dr. J. M. Kinsella. 
Remarks 
These specimens possess the main characters of Parahelig-
monella (Heligmonellidae: Heligmonellinae), characterized by 
a synlophe, with no more than 14 cuticular ridges and hyper-
trophy of the ridges adjacent to the lateral fields (Durette-Des-
set, 1971). The new species can be readily differentiated from 
P. cubaensis either by characters of the synlophe and of the 
caudal bursa: P. cubaensis has a synlophe with 11-13 cuticular 
ridges, with left dorsal and right ventral ridges reduced or poor-
ly developed and an axis of orientation of the ridges passing 
between ridges 1 and 1', inclined at 65-72° to the sagittal axis. 
On the other hand, the bursal pattern is of type 1-4 (Perez-
Vigueras, 1943; Baros and Rysavy, 1967; Durette-Desset, 
1972). It also differs from P. interrogans, the type species, 
mainly by having a different number of ridges in the synlophe 
(14 vs. 13), a gradient of size of the ridges (absent in P. inter-
rogans), and ridges uninterrupted (discontinuous in P. interro-
gans on dorsal side). In addition, the female posterior end in 
P. interrogans is straight, and the tail is invaginable (Durette-
Desset, 1968). 
The specimens described here resemble both P. romerolagi 
and P. lamothei, especially by the synlophe at the mid-body. 
All 3 species have 14 continuous ridges with a similar gradient 
of size and the same inclination of the axis of orientation. How-
ever, they can be distinguished mainly by characters of the cau-
dal bursa and the female synlophe at the ovejector level. 
In P. romerolagi, the caudal bursa is bell-shaped, with a rath-
er atypical pattern of type 2-2-1, with ray 6 diverging the most 
proximally from the common trunk 2 to 6 and the extremities 
of rays 2 to 5 nearly equidistant; the genital cone is bulbous 
and hypertrophied (Digiani et aI., 2008). In the present speci-
mens, the pattern is type 2-3, with a tendency to type 2-2-1, 
and the genital cone is conica! and moderately developed. 
In P. lamothei, the bursal rays show a type 2-2-1 pattern on 
the right lobe and a type 2-3 (with a tendency to type 2-2-1) 
with a very short common trunk of rays 4 to 6 on the left lobe; 
rays 2 and 3 diverge distally and both are of equivalent length; 
the genital cone is blunt and soft (Digiani et aI., 2008). In the 
specimens studied here, the bursal pattern is of type 2-3, with 
a tendency to type 2-2-1, with a long common trunk of rays 4 
to 6; rays 2 and 3 diverge more proximally and ray 3 is longer 
than ray 2. The genital cone is conical, with chitinized margins. 
Other differences among the 3 species relate to the female 
synlophe at theovejector level. In P. romerolagi, the lateral 
ridges no. I' and no. 6 are hypertrophied and directed dorsally, 
whereas the dorsal and ventral ridges are reduced. In contrast, 
in P. lamothei, the lateral ridges are reduced and the ventral 
and latero-ventral ridges are hypertrophied (Digiani et aI., 
2008). In the specimens studied here, all ridges reduce pro-
gressively in size and disappear at vestibular level, except for 
the ridge no. 1', which is hypertrophied up to its disappearance 
just in front of the vulva. 
Additional differences between P. kinsellai and P. lamothei 
relate to the body size and the distance from the tail end to the 
anus and to vulva. The mean body length in P. kinsellai is 3.82 
mm in males and 4.76 mm in females, whereas in P. lamothei 
it is 6.45 mm in males and 8.05 mm in females. The proportions 
of the tail length and the distance from tail end to vulva, with 
respect to the body length, are also significantly different be-
tween both species: 1.09% and 3.29%, respectively, in P. kin-
sellai, and 0.44% and 1.36% in P. lamothei. 
The finding of 2 congener nematodes (P. kinsellai and P. 
lamothei) separately in 2 individual hosts of the same species 
in the locality is not significant in the sample studied, which 
was too small. It is likely that, in a sample statistically valuable, 
both species may be found coexisting in the same individual 
host-which is actually a frequent situation among the Helig-
monellidae (Durette-Desset, 1985). Even in such cases of co-
parasitism, it is possible for a given species to be absent from 
some individual hosts, indicating that the host has not been in 
contact with the infective larvae of such species. 
DISCUSSION 
Hypertrophied ridges with strong cuticular support in the 
posterior region of the female (ovejector level, tail, or both) 
have been described with different patterns in 4 of}he 5 known 
species of Paraheligmonella (P. interrogans, P. romerolagi, P. 
lamothei, and P. kinsellai). Such ridges are apparently absent 
in P. cubaensis (Perez-Vigueras, 1943; Barns and Rysavy, 
1967; Durette-Desset, 1972). The different patterns observed 
are recognized as specific characters; however, it is likely that 
their presence may be a generic character of Paraheligmonella. 
Another shared character not previously noted, but also ob-
served in the present study, is the axis of orientation passing 
between ridges no. 1 and no. 2 on the left dorsal quadrant. 
Again, this character is present in P. interrogans, P. romero-
lagi, P. lamothei, and P. kinsellai, but is absent in P. cubaensis. 
The case of P. cubaensis is unusual, as this species possesses 
several other characters of the synlophe and caudal bursa, 
which place it apart from the remaining species in the genus. 
These characters include the well-developed, but not hypertro-
phied, lateral ridges, the presence of comaretes on the ventral 
side, ridges of the right ventral and left dorsal quadrant strongly 
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reduced, the axis of orientation of the ridges passing between 
ridges 1 and 1', inclination of the axis of orientation of the 
ridges 65° in males and 72° in females, and a type 1-4 pattern 
of the caudal bursa. These seem to be significant characters at 
the generic level; further studies involving other Neotropical 
Heligmonellinae should help in determining the systematic po-
sition of P. cubaensis. 
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A NEW ANOPLOCEPHALID (CESTODA: CYCLOPHYLLIDEA) FROM 
GALLOTIA ATLANTICA (REPTILIA, LACERTIDAE) IN THE CANARY ISLANDS, SPAIN 
Pilar Foronda, Nestor Abreu-Acosta, Juan Carlos Casanova*, Alexis Ribas*, and Basilio Valladares 
Instituto Universitario de Enfermedades Tropicales y Salud Publica de Canarias, University of La Laguna, Avda. Astroffsico Fco, Sanchez sin, 
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ABSTRACT: A new species of anoplocephalid cestode is described from Gallotia atlantica (Reptilia, Lacertidae) on the Canary 
Islands, Spain, Oochoristica feliui n. sp. belongs to the group of Oochoristica spp, having circular suckers and fewer than 25 
testes in a single cluster: O. lygosomae Burt, 1933; 0, lygosomatis Skinker, 1935; O. elongata Dupouy et Kechemir, 1973; O. 
jonnesi Bursey, McAllister and Freed, 1997; 0, junkea Johri, 1950; 0, macallisteri Bursey and Goldberg, 1996; 0, novaezelandae 
Schmidt and Allison, 1985; 0, parvogenitalis Dupouy and Kechemir, 1973; and 0, sobolevi (Spasskii, 1948) Spaskii, 1951. 
Oochoristica feliui n, sp, differs from these species in a variety of characters such as the number of proglottids, size of the scolex 
and suckers, presence of a neck, size and shape of the ovary (divided into 5-6 lobules), ovoid shape of the vitelline gland, a 
spined cirrus, size of eggs, oncosphere and oncosphere hooks, and the presence of 2 osmoregulatory canals. Gallotia spp. are 
endemic to the Canary Islands, This is the first report of an adult cestode species in this lizard, 
Gallotia atlantica Peters and Doria, 1882 (Lacertidae) is an 
endemic lizard of Fuerteventura, Lanzarote, Lobos, Graciosa, 
Montana Clara, Alegranza, and Roque del Este Islands (Canary 
Islands archipelago) (Carranza, 2002; Salvador and Pleguezue-
los, 2002). In July 2000, the government of the Canary Islands 
allowed the capture of G, atlantica in Alegranza Island, from 
part of the Reserve of Chinijo, for a multidisciplinary study. 
Parasitological data were gathered from blood protozoa and in-
testinal helminths, The helminth fauna of Gallotia spp. in the 
different Canary Islands is well studied (Cordero del Campillo 
et aI., 1994; Garcia-Marquez and Mateo, 2002; Martin et aI., 
2003; Roca, 2003; Martin and Roca, 2004a, 2004b; Roca and 
Martin, 2004; Martin and Roca, 2005). However, no data are 
available regarding helminths from G. atlantica in the small 
islands of Chinijo, Orily 2 species of adult anoplocephalid ces-
todes have been reported in the reptilian helminth fauna of the 
Canary Islands, i.e" Oochoristica agamae Baylis, 1.819 (Martin 
and Roca, 2004b) and Oochoristica tuberculata Luhe, 1898 
(Lamas et aI., 1985; Roca et aI., 1987). Oochoristica agamae 
has been described in an endemic lizard, Gallotia stehlini 
Schenkel, 1901, and 0, tuberculata has been described in the 
endemic scinks Chalcides sexlineatus Steindachner, 1891 and 
C. viridanus Gravenhorst, 1851 (Scincidae), as well as the 
geckos Tarentola boettgeri Steindachner, 1891 and T. delalan-
dii Dumeril and Bibron, 1836. In the present paper, a new spe-
cies of Oochoristica Luhe, 1898 (Anoplocephalidae, Linstowii-
nae) from G. atlantica of Alegranza Island is described. 
MATERIALS AND METHODS 
Alegranza is a small, uninhabited, and protected island (Chinijo Re-
serve) of the Canary Islands archipelago (27°37'-29°25'N, 13°20'-
18°IO'W) in the northeast Atlantic, approximately 110 km from the 
African mainland, The fauna of reptiles present in Alegranza includes 
G. atlantica and Tarentola angustimentalis Joger, 1984 (Geckonidae); 
the latter is also endemic to the Canary Islands archipelago (Izquierdo 
et aI., 2004). In the present survey of reptiles in Alegranza, 10 individ-
uals were captured, using pitfall traps. Hosts were killed with chloro-
form and, at necropsy, organs were separated and placed in saline 
(0.05% NaCI in distilled water); helminths were then recovered from 
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viscera, Three individuals of G, atlantica were found to be parasitized 
by intestinal cestodes. Helminths were rinsed in saline, fixed in 70% 
hot alcohol, and preserved in ethanol 70%, Cestodes were stained with 
Semichon's acetocarmine, dehydrated in a series of alcohols, cleared in 
xylol, and mounted in Canada balsam, Measurements of the holotype 
and range of measurements of paratypes (in parentheses) are provided 
in /Lm unless otherwise stated. Drawings were made with the aid of a 
Laborlux no, II (Leica, Solms, Germany) microscope and camera lu-
cida. Parasites were deposited in Museo de Ciencias Naturales de Ten-
erife (TFMC), Santa Cruz de Tenerife, Canary Islands, Spain, 
DESCRIPTION 
Oochoristica feliui n. sp. 
(Figs. 1-5) 
Diagnosis based on 4 complete specimens: Worms large, with acras-
pedote proglottids, Complete adult 12,1 mm (8,6-10.2) in length, Sco-
lex 846 (798-870) wide, with 4 circular suckers 252,8 (249,3-254.6) 
long by 257,9 (253.8-261.3) wide (Fig, 1), Neck length 960 (920-
1,030). Proglottid 20 (18-30) in number; immature proglottids 7 in 
number, 275,1 (271.2-286,3) long by 278.5 (273.2-282.5) wide; 9 ma-
ture proglottids 853 (840,9-861.1) long by 467,8 (463,2-473,1) wide; 
and 4 gravid proglottids 1,184.5 (1,162.7-1,189,7) long by 648,9 
(643,9-654.6) wide. Osmoregulatory system with 4 longitudinal (2 dor-
sal and 2 ventral) canals, anastomosis in posterior region of each pro-
glottid. Genital pores irregularly alternating, situated in first third of 
proglottid. Genital atrium 30,8 (28,2-33.4) long by 41.1 (38,5-40,9) 
wide, muscular, and covered by small, spine-like expansions. Cirrus sac 
elongate, thin-walled, 167, I (169,7-172,3) long by 48,5 (49,2-54) wide, 
containing spined cirrus and ejaculatory duct. Genital ducts pass be-
tween osmoregulatory canals at about median plane of proglottid. Ratio 
of cirrus sac length to proglottid width 0.36 (0,33-0.38), Vas deferens, 
initially coiled, runs along midline of proglottid, then turns posteriorly 
to pass between lobes of ovary. Testes spherical, in single cluster, most-
ly posterior to ovary and vitelline glands; some testes reaching posterior 
margin of ovary. Testes 19 (14-20) per proglottid, 33.4-36 (33.4-38.5) 
in diameter, Ovary bilobed and situated in center of proglottid, 135,8 
(133.7-149.1) long by 49,9 (48,5-54.4) wide; each lobe subdivided into 
5-6 secondary lobes. Ratio of ovarian width to proglottid width 0,31 
(0,33-0,34). Ovoid vitelline gland situated in midline of proglottid di-
rectly posterior to ovary, 95.1 (92,5-97,7) long by 83.6 (82,3-84,8) 
wide, Ootype and Mehlis' gland between ovary and vitelline gland, 
Vagina opening into genital atrium, posterior to cirrus sac, extending 
posterolaterally to Mehlis' gland crossing poral ovarian lobe (Figs, 2, 
3), Uterus ephemeral; uterine ovigerous capsules 91 (90-98) in diam-
eter, each containing single egg (Fig, 4). Eggs 83 (82-84) in diameter; 
oncosphere 38 (35-42) in diameter; oncosphere hooks 8.8 (8,6-8,9) 
long (Fig. 5). 
Taxonomic summary 
Type specimens: Holotype (TFMCCS/OOOl), paratypes (TFMCCSI 
0002) in the TFMC, Santa Cruz de Tenerife, Tenerife Island, Canary 
Islands, Spain, 
2 
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FIGURES 1-5. Oochoristica feliui n. sp. (1) Scolex and neck. (2) 
Mature proglottid. (3) Pregravid proglottid. (4) Gravid proglottid. (5) 
Egg and oncosphere. 
Type host: Atlantic lizard, G. atlantica Peters and Doria, 1882 (Rep-
tilia, Lacertidae). Host specimens stored in ethanol 70%. 
Type locality: Alegranza Island, Reserva Natural de Chinijos, Canary 
Islands 27°37'-29°25'N, 13°20'-18°1O'W. 
Site of infection: Small intestine. 
Prevalence: 30% (3/10). 
Mean intensity: 1.6 (1, 3, 7). 
Etymology: This species is named in honor of Prof. Carlos Feliu from 
the University of Barcelona, Barcelona, Spain, in recognition of his 
contribution to the knowledge of helminths of vertebrates. 
Remarks 
The Canary Islands are located at the limits of the Palearctic and 
Ethiopian Realms, also known as the Macaronesia Region, which in-
cludes the Azores, Canaries, Cape Verde, Madeira, and Salvages archi-
pelagos (Foronda et aI., 2003). Ten species of Oochoristica from reptiles 
from the Ethiopian Realm and 17 from the Palearctic have been de-
scribed (Bursey et aI., 1996, 1997). Oochoristica feliui can be distin-
guished from all of these species according to Bursey and Goldberg 
(1996), Bursey et al. (1996, 1997), and Arizmendi-Espinosa et al. 
(2005). Oochoristica feliui belongs to the group of Oochoristica spp. 
having circular suckers and fewer than 25 testes in a single cluster. 
These features permit O. feliui to be distinguished from 77 of the 84 
known species. Oochoristica feliui is mainly characterized by a small 
number of proglottids, 2 dorsal and 2 ventral excretory canals, circular 
suckers, the presence of a neck, the number of testes in a single cluster 
(less than 25) and mostly posterior to the ovary, bilobed ovary subdi-
vided into lobules, a spheroid vitelline gland, a strongly musculature 
surrounding of the genital atrium, and a spined cirrus. No other species 
of Oochoristica-parasitizing reptiles has been reported with all of these 
characters. The 9 species that share sucker shape and testes character-
istics are: O. lygosomae Burt, 1933; O. lygosomatis Skinker, 1935; O. 
elongata Dupouy and Kechemir, 1973; O. jonnesi Bursey, McAllister 
and Freed, 1997; O. junkea Johri, 1950; O. macallisteri Bursey and 
Goldberg, 1996; O. novaezelandae Schmidt and Allison, 1985; O. par-
vogenitalis Dupouy and Kechemir, 1973; and O. sobolevi (Spasskii, 
1948) Spaskii, 1951 (Bursey and Goldberg, 1996). Compared with these 
9 species, O. feliui differs in the size of the scolex and sucker as well 
as by the presence of spines in the cirrus. From this group, only O. 
elongata, O. jonnesi, O. junkea, O. macallisteri, and O. novaezelandae 
have a double pair of osmoregulatory canals, as in O. feliui. The other 
4 species have a single osmoregulatory channel. In O. junkea and O. 
novaezelandae, the ovary is not subdivided into lobules and a neck is 
not present (Bursey et aI., 1997). In both species, measurements of the 
total length (50-53), width of the ovary (180), size of the eggs (46-50) 
and oncosphere (25) in O. junkea, and the length of the cirrus sac (80-
90), size of the eggs (34-60), and oncosphere hooks (15-20) in O. 
novazelandae, are clearly different from those of O. feliui. In O. elon-
gata, the length of cirrus sac (265), width of ovary (230), and size of 
the eggs (60-70) are different from those of O. feliui. Our new species 
differs from O. jonnesi in the number of proglottids (150-175), body 
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length (26-34), width of ovary (260-300), and size of the eggs (30-40 
X 40-51) and oncosphere (17-22 X 23-29). The ovoid shape of the 
vitelline gland, number of proglottids (95-122), length of the cirrus sac 
(90-115), size of eggs (39-45 X 45-5\), and size of hooks (19-23) in 
the oncosphere differ between O. macallisteri and O. feliui. Oochoris-
tica parvogenitalis was described from immature worms. The length of 
the cirrus sac (210) and the triangular shape of the vitelline gland are 
additional characters that differentiate O. feliui from O. parvogenitalis. 
DISCUSSION 
Two morphological features are of particular interest in O. 
feliui, i.e., the genital armature of the cirrus and the presence 
of radial musculature surrounding the genital atrium. Brooks et 
aI. (1999) considered the latter character as symplesiomorphic 
in Oochoristica spp. The presence of spines on the cirrus is 
characteristic of O. theileri Fuhrmann, 1924 and O. feZiui. We 
have examined the type specimens of O. theileri deposited in 
the Museum of Geneva, Geneva, Switzerland (numbers 133/ 
019-032; 006/039; 012/043.044). In O. theileri, the spines are 
only on the cirrus base, whereas in O. feliui, there are spines 
on the entire surface of the cirrus. Of the African species of 
Oochoristica reported in reptiles, only O. tuberculata has been 
found in geckos and scincids from Tenerife and Gran Canaria 
Islands (Lamas et aI., 1985; Roca et aI., 1987). Oochoristica 
feZiui is the first species of adult cestode found in G. atlantica; 
O. agamae was reported in Gallotia stehlini (Martin and Roca, 
2004b), 1 of the 7 species of Gallotia in the Canary Islands. 
Gallotia atlantica is present only in the oriental islands of Gran 
Canaria, Fuerteventura, Lanzarote, and the Chinijos archipela-
go. Host specificity and insular isolation could have played an 
important role in the speciation of O. feZiui. The origin of Gal-
lotia spp. and the African lacertids seems to be European (Fu-
Jinzhong, 1998), but the nematode fauna of Gallotia spp. differs 
from those of African lacertids, as parasitic nematodes of Gal-
lotia spp. are, in general, endemic species (Martin and Roca, 
2004b). The finding of O. feZiui is not surprising and adds ces-
todes to the endemic helminths of Gallotia spp. 
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TWO NEW DICYEMIDS FROM SEPIA LONGIPES (MOLLUSCA: CEPHALOPODA: 
DECAPODA) 
Hidetaka Furuya 
Department of Biology, Graduate School of Science, Osaka University, 1-1 Machikaneyama, Toyonaka, Osaka 560-0043, Japan. 
e-mail: hfuruya@bio.sci.osaka-u.ac.jp 
ABSTRACT: Two new species of dicyemid mesozoan are described from Sepia longipes, Sasaki, 1913, collected from Tosa Bay 
in Japan. Dicyema oxyeephalum n. sp. is a medium-sized species that is about 1,800 J-Lm in length. It lives in folds of the renal 
appendages. The vermiform stages are characterized as having 28-34 peripheral cells, a conical calotte, and an axial cell that 
extends to the base of the propolar cells. Infusoriform embryos consist of 39 cells; 2 nuclei are present in each urn cell and the 
refringent bodies are solid. Pseudieyema eappaeephalum n. sp. is also a medium-size species; it is about 1,000 J-Lm in length. It 
too lives in folds of the renal appendages. The vermiform stages are characterized as having 32-34 peripheral cells, a cap-shaped 
calotte, and an axial cell that extends to 'the base of propolar cells. Infusoriform embryos consist of 39 cells; 2 nuclei are present 
in each urn cell and the refringent bodies are solid. This is the first description of dicyemids from S. longipes. 
Dicyemid mesozoans (Phylum Dicyemida) are the most com-
mon and characteristic endosymbionts that typically are found 
in the renal sacs of benthic cephalopod molluscs. Dicyemids 
are distributed in a variety of geographical localities, i.e., 
Okhotsk Sea, Japan Sea, western and northeastern Pacific 
Ocean, New Zealand, northern Indian Ocean, Mediterranean 
Sea, northwestern and eastern Atlantic Ocean, Gulf of Mexico, 
and Antarctic Ocean. Typically, 2 or more species of dicyemids 
live in each host species or each host (Furuya, 1999). The ma-
jority of the dicyemid species studied were found to be host 
specific. About 113 species of dicyemids have been reported so 
far in at least 42 species of benthic cephalopods worldwide. In 
Japan, 37 species of dicyemids are known in 15 species of 
cephalopods (Nouvel and Nakao, 1938; Nouvel, 1947; Furuya 
et al., 1992a; Furuya, 1999; Furuya and Tsuneki, 2005; Furuya 
2005, 2006a, 2006b, "2006c, 2007, 2008a, 2008b). 
I have examined dicyemid species from several cephalopod 
species collected off Irino in Tosa Bay, ShikokulAJapan. Irino 
is located in the southwestern part of Kochi Prefecture and fac-
es the Kuroshio Current, which provides Japan with some of 
its most fertile fishing grounds. Furuya and Tsuneki (2003) re-
corded the occurrence of 14 undescribed dicyemid species in 
benthic cephalopod species collected from Tosa Bay. Among 
them, 8 species of dicyemids from 3 octopod species were de-
scribed (Furuya, 2005, 2006b, 2008b). The present paper de-
scribes these 2 new dicyemid species from S. longipes Sasaki, 
1913, collected from Tosa Bay in Japan. 
MATERIALS AND METHODS 
In the present study, 52 individual specimens of S. longipes were 
examined for dicyemids from 2000 to 2001. Host specimens were ob-
tained from fishermen who collected them in Tosa Bay (off Irino, Kochi 
Prefecture), Shikoku, Japan. Small pieces of the renal organ with at-
tached dicyemids were removed and smeared on glass microscope 
slides. The smears were fixed immediately in Bouin's fluid for 24 hr 
and then stored in 70% ethyl alcohol. Most of them were stained in 
Ehrlich's hematoxylin and counterstained in eosin. Stained smears were 
mounted with Entellan (Merck, Darmstadt, Germany). Dicyemids were 
observed with a light microscope (Olympus BX-51, Tokyo, Japan) at 
magnifications up to X2,000. Measurements and drawings were made 
with the aid of an ocular micrometer and a drawing tube (Olympus U-
DA, Tokyo, Japan), respectively. 
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The terminology for cell names used in the description of infusori-
form larvae is based on Nouvel (1948), Short and Damian (1966), Fu-
ruya et al. (1992b, 1997), and Furuya (1999). 
Specimens of the dicyemids are deposited in the Osaka University 
Museum (OUM), Toyonaka, Osaka, Japan, and in the author's collec-
tion. The cuttlefish specimens harboring the dicyemids are deposited in 
the OUM. 
DESCRIPTION 
Dicyema oxycephalum n. sp. 
(Figs. 1, 2; Tables I, II) 
Diagnosis: Medium dicyemid; body lengths reaching 1,800 J-Lm. Ca-
lotte shape conical. Vermiform stages with 28-34 peripheral cells: 4 
propolar cells + 4 metapolar cells + 2 parapolar cells + 18-24 trunk 
cells. Infusoriform embryos with 39 cells, refringent bodies solid, and 
2 nuclei present in each urn cell. 
Nematogens (Figs. la, 2a, e): Body length from 700 to 1,800 J-Lm, 
width from 30 to 60 J-Lm; widest in region of parapolars; trunk width 
mostly uniform. Peripheral cells number 28-34 (Table II): 4 propolar 
cells + 4 metapolar cells + 2 parapolar cells + 16--22 diapolar cells + 
2 uropolar cells. Calotte conical in shape, rounded anteriorly; cilia on 
calotte about 4 J-Lm long, oriented anteriorly. Propolar cells and their 
nuclei smaller than metapo1ar cells and their nuclei. Propolar cells oc-
cupy anterior 40-50% of calotte length when viewed laterally (Fig. 1a). 
Cytoplasm of propolar and metapolar cells more darkly stained by he-
matoxylin than is cytoplasm of other peripheral cells. Axial cell cylin-
drical, pointed anteriorly; cell extends forward to base of propolar cells 
(Fig. 2c). About 10 vermiform embryos present in an axial cell of large 
individuals. Accessory nuclei seen in trunk peripheral cells. Uropolar 
cells occasionally verruciform. 
Vermiform embryos (Figs. I b, 2e, j): Full-grown vermiform embryos 
range from 50 to 90 J-Lm in length, from 8 to 13 J-Lm in width. Peripheral 
cells number 28-34 (Table II); trunk cells arranged in opposed pairs. 
Anterior end of ca10tte acutely pointed. Axial cells rounded anteriorly; 
extend to base of propolar cells (Figs. 1 b, 2f). Axial cells of full-grown 
embryos have 1 or 2 agametes. 
Rhombogens (Fig. 2b, d): Body similar in length to nematogens, 
length from 700 to 1,800 J-Lm, width from 40 to 60 J-Lm. Peripheral cells 
typically number 28-34 (Table 11). Calotte conical, rounded anteriorly. 
Axial cells' shape and anterior extent similar to nematogens. Maximum 
of 2 infusorigens present in axial cells of each parent individual. About 
40 infusoriform embryos present in an axial cell of large individuals. 
lnfusorigens (Fig. Ie; n = 20): Mature infusorigens medium-sized; 
composed of 5-9 (mode 7) external cells (oogonia and primary oocytes) 
+ 2-5 (mode 3) internal cells (spermatogonia, primary spermatocytes, 
and secondary spermatocytes) + 4-11 (mode 8) spermatozoa. Mean 
diameter of fertilized eggs, 9.9 J-Lm; that of spermatozoa, 1.6 J-Lm. Axial 
cells irregular in shape, ranging in diameter from 9 to 13 J-Lm. 
lnfusoriform embryos (Figs. ld, e, 2g-i; n = 50): Full-grown em-
bryos large, average 19.2 ± 1.2 J-Lm in length (excluding cilia; mean ± 
SO); length:width:height ratio 1.0:0.90:0.85; shape ovoid, bluntly 
rounded to pointed posteriorly; cilia at posterior end 4 J-Lm long. Re-
fringent bodies present, solid; occupy anterior 20-30% of embryo 
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TABLE I. Dicyemid spp. from Sepia longipes. 
Cuttlefish 
Host Mantle length Date of 
no. (mm) Sex Maturity examination Parasites 
T0571 71 0 Submature 26 May 2000 Chromidina sp. 
T0572 63 'i' Immature 26 May 2000 Chromidina sp., D. oxycephalum 
T0573 98 0 Mature 26 May 2000 Chromidina sp. 
T0574 70 'i' Submature 26 May 2000 Chromidina sp. 
T0575 99 0 Mature 26 May 2000 Chromidina sp. 
T0576 96 0 Mature 26 May 2000 Chromidina sp. 
T0577 98 0 Mature 26 May 2000 Chromidina sp., D. oxycephalum 
T0578 103 0 Mature 26 May 2000 Chromidina sp. 
T0579 89 0 Mature 26 May 2000 Chromidina sp. 
T0580 102 0 Mature 26 May 2000 Chromidina sp. 
T0581 85 0 Submature 26 May 2000 Chromidina sp. 
T0582 70 'i' Immature 26 May 2000 Chromidina sp., D. oxycephalum 
T0583 68 'i' Immature 26 May 2000 Chromidina sp. 
T0675 99 0 Mature 07 March 2001 Chromidina sp. 
T0676 90 0 Mature 07 March 2001 Chromidina sp. 
T0677 84 0 Submature 07 March 200 I Chromidina sp. 
T0678 84 0 Submature 07 March 2001 Chromidina sp. 
T0679 79 0 Submature 07 March 2001 Chromidina sp. 
T0680 67 'i' Immature 07 March 2001 Chromidina sp. 
T0681 68 'i' Immature 07 March 200 I Chromidina sp. 
T0682 62 'i' Immature 07 March 2001 Chromidina sp. 
T0683 64 'i' Immature 07 March 2001 Chromidina sp. 
T0684 75 0 Submature 07 March 2001 Chromidina sp. 
T0723 90 'i' Submature 07 March 2001 Chromidina sp., D. oxycephalum 
T0724 82 0 Submature 02 April 2001 D. oxycephalum 
T0725 44 0 Immature 02 April 2001 Chromidina sp. 
T0726 46 'i' Immature 02 April 2001 Chromidina sp., D. oxycephalum 
T0727 '48 'i' Immature 02 April 2001 Chromidina sp., D. oxycephalum 
T0728 43 0 Immature 02 April 2001 Chromidina sp., D. oxycephalum 
T0729 47 'i' Immature 02 April 2001 Chromidina sp., D. oxycephalum 
T0730 53 'i' In11:nature 02 April 200 I Chromidina sp. 
T0731 52 'i' Immature 02 April 2001 Chromidina sp. 
T0732 46 0 Immature 02 April 2001 Chromidina sp. 
T0733 54 'i' Immature 02 April 2001 Chromidina sp., D. oxycephalum 
T0775 102 0 Mature 03 April 2001 Chromidina sp., D. oxycephalum 
T0776 98 0 Mature 03 April 2001 D. oxycephalum, P. cappacephalum 
T0777* 87 'i' Submature 03 April 2001 D. oxycephalum, P. cappacephalum 
T0778t 98 0 Mature 03 April 2001 D. oxycephalum 
T0779 64 'i' Immature 03 April 200 I Chromidina sp., D. oxycephalum 
T0780 60 'i' Immature 03 April 2001 Chromidina sp. 
T0781 50 <jl Immature 03 April 2001 Chromidina sp. 
T0782 52 0 Immature 03 April 200 I Chromidina sp., D. oxycephalum 
T0783 49 0 Immature 03 April 2001 Chromidina sp., D. oxycephalum 
T0784 45 'i' Immature 03 April 2001 Chromidina sp. 
T0785 43 'i' Immature 03 April 2001 Chromidina sp., D. oxycephalum 
T0786 35 0 Immature 03 April 200 I Chromidina sp. 
T0787 48 'i' Immature 03 April 2001 Chromidina sp. 
T0788 41 'i' Immature 03 April 2001 Chromidina sp. 
T0789 48 'i' Immature 03 April 2001 Chromidina sp., D. oxycephalum 
T0790 42 <jl Immature 03 April 2001 Chromidina sp., D. oxycephalum 
T0791 45 0 Immature 03 April 2001 Chromidina sp., D. oxycephalum 
T0792 46 'i' Immature 03 April 200 I Chromidina sp. 
* The host (symbiotype) for the syntypes of P. cappacephalum. 
t The bast (symbiotype) for the syntypes of D. oxycephaZum. 
684 THE JOURNAL OF PARASITOLOGY, VOL. 95, NO.3, JUNE 2009 
FIGURE 2. Dicyema oxycephalum 
n. sp., drawn from syntype specimens 
on slide OUM-000l6. (a, b) Entire 
vermiform stages: (a) nematogen; (b) 
rhombogen. (c) Anterior region of ne-
matogen. (d) Anterior region of 
rhombogen. (e, f) Vermiform embry-
os within the axial cell: (e) cilia omit-
ted; (f) optical section. (g-i) lnfuso-
riform embryos: (g) sagittal section; 
(h) dorsal view (cilia omitted); (i) 
ventral view (cilia omitted). See Fig-
ure 1 for abbreviations. 
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TABLE II. Dicyema oxycephalum and Pseudicyema cappacephalum: 
number of peripheral cells. 
Number of individuals examined 
Vermiform 
Cell number Nematogens embryos Rhombogens 
D. oxycephalum 
28 3 3 
29 6 3 8 
30 19 15 12 
31 5 9 8 
32 10 13 10 
33 7 6 6 
34 2 3 
P. cappacephalum 
32 25 29 33 
33 16 12 10 
34 9 8 5 
AL 
Remarks 
Dicyema oxycephalum is similar to D. ganapatii Kalavati, Narasim-
hamurti, and Suseela, 1984 and D. sullivani McConnaughey, 1960 in 
the number of peripheral cells and the shape of the calotte. Dicyema 
ganapatii was described from Sepia elliptica Hoyle, 1885 collected off 
Visakhapatnam, the western coast of India (Kalavati et aI., 1984). How-
ever, D. oxycephalum is easily distinguishable from D. ganapatii by the 
maximum number of infusorigens (2 vs. 4, respectively) and the ori-
entation of cells in the calotte. In D. ganapatii, the cells in the propolar 
tier alternate with cells in the metapolar tier (Kalavati et aI., 1984), but 
the tiers typically are opposite in D. oxycephalum. In terms of the ar-
rangement of tiers, D. ganapatii may be better assigned to Pseudicyema. 
Dicyema sullivani was described from Octopus bimaculoides Pick-
ford and McConnaughey, 1949 collected off the northern part of lower 
California (McConnaughey, 1949, 1960). Dicyema oxycephalum is dis-
tinguishable from D. sullivani in the anterior extent of the axial cell of 
the vermiform stages (extending to base of propolars vs. metapolar 
cells) and in the maximum body length of infusoriform embryos (21 
f,Lm vs. 48 f,Lm, respectively) (McConnaughey, 1960; Furuya, Hochberg 
et aI., 2004). 
Vermiform embryos of D. oxycephalum have an acutely pointed ca-
lotte. This feature separates D. oxycephalum from all other known spe-
cies of Dicyema. 
Most dicyemid species are composed of a constant number of calotte 
and trunk peripheral cells in vermiform stages (Furuya et aI., 2007). 
However, intraspecific variations have been observed in the number of 
trunk peripheral cells of several species of Dicyema, e.g., Dicyema bi-
lobum Couch and Short, 1964; Dicyema benthoctopi Hochberg and 
Short, 1970; Dicyema koshidai Furuya & Tsuneki, 2005; D. lycidoe-
ceum Furuya, 1999; Dicyema madrasensis Kalavati, Narasirnhamurti, 
and Suseela, 1984; Dicyema rhadinum Furuya, 1999; Dicyema erythrum 
Furuya, 1999; Dicyema sepiellae Furuya, 2008; and Dicyema codono-
cephalum Furuya, 2008 (Couch and Short, 1964; Hochberg and Short, 
1970; Kalavati et aI., 1984; Furuya, 1999; Furuya and Tsuneki, 2005; 
Furuya et aI., 2007; Furuya, 2008a, 2008b). In these cases, the number 
of trunk peripheral cells usually varied from 5 to 8. Dicyema oxycepha-
lum also showed a range of variation in the number of trunk peripheral 
cells. The extent of variations in the number of trunk peripheral cells 
was expressed by the coefficient of variation (CV) (Furuya et aI., 2007). 
Values of CV were classified into 3 patterns, i.e., no statistical variations 
(CV < 0.05), moderate variations (0.05-0.10), and large variations 
(0.10 < CV). More than 70% of the species had no variations, and 
some showed moderate variations. Only 3 species, D. madrasensis, D. 
benthoctopi, and Dicyemennea canadensis Furuya, Hochberg, and 
Short, 2002, have large variations (Furuya et al., 2002; Furuya et al., 
2007). Dicyema oxycephalum has a relatively large variation in the 
number of peripheral cells, ranging from 28 to 34. However, the CV 
value is 0.05; therefore, the ranges are within moderate variation. This 
is due to the particular peripheral cell distribution; nearly 70% of in-
dividuals possess 30-32 peripheral cells (Table 11). 
In infusoriform embryos of D. oxycephalum, intraspecific variations 
are not observed in the number of somatic cells. In infusoriform em-
bryos, such intraspecific variations are rarely found in a variety of spe-
cies. Among vermiform embryos, intraspecific differences in the num-
ber of cells are attributable to the number of terminal divisions in par-
ticular cell lineages (Furuya et aI., 1994,2001). They cause interspecific 
variations in the number of trunk peripheral cells. The development of 
infusoriform embryos may be more highly programmed than that of 
vermiform embryos. 
Pseudicyema cappacepha/um n. sp. 
, (Figs. 3, 4; Tables I, II) 
Diagnosis: Medium dicyemid; body lengths reaching 1,000 /Lm. Ca-
lotte shape conical. Cells of propo1ar tier alternating with cells of meta-
polar tier. Vermiform stages with 32-34 peripheral celIs:A. propo1ar cells 
+ 4 metapolar cells + 2 parapolar cells + 22-24 trunk cells. Infusori-
form embryos with 39 cells; refringent bodies solid; and 2 nuclei pres-
ent in each urn cell. 
Nematogens (Figs. 3b, 4a, c): Body length from 600 to 1,000 /Lm, 
width from 30 to 40 /Lm; widest in region of parapolars; trunk width 
mostly uniform. Peripheral cells number 32-34 (Table II): 4 propolar 
cells + 4 metapolar cells + 2 parapo1ar cells + 20-22 diapolar cells + 
2 uropolar cells. Calotte conical in shape, rounded anteriorly; cilia on 
ca10tte about 4 /Lm long, oriented anteriorly. Propolar cells and their 
nuclei smaller than metapolar cells and their nuclei. Propolar cells oc-
cupy anterior 50-60% of calotte length when viewed laterally (Fig. 4c). 
Cytoplasm of propolar and metapolar cells more darkly stained by he-
matoxylin than cytoplasm of other peripheral cells. Axial cell cylindri-
cal, pointed anteriorly; cell extends forward to base of propolar cells 
(Fig. 3b). About 15 vermiform embryos present in an axial cell of large 
individuals. Accessory nuclei seen in trunk peripheral cells. Uropolar 
cells occasionally verruciform. 
Vermiform embryos (Figs. 3d, 4e, f): Full-grown vermiform embryos 
range from 50 to 60 /Lm in length, from 9 to 15 /Lm in width. Peripheral 
cells number 32-34 (Table II); trunk cells arranged in opposed pairs. 
Anterior end of calotte rounded. Axial cells rounded anteriorly; extend 
to base of propolar cells (Figs. 3d, 4f). Axial cells of full-grown em-
bryos have as many as 2 agametes. 
Rhombogens (Figs. 3a. c. 4b. d): Body similar in length to nemato-
gens, length from 600 to 1,000 /Lm, width from 30 to 40 /Lm. Peripheral 
cells usually number 32-34 (Table II). Calotte conical, rounded ante-
riorly. Axial cell shape and anterior extent similar to nematogens. Max-
imum of 3 infusorigens present in axial cells of each parent individual. 
About 50 infusoriform embryos present in axial cells of large individ-
uals. 
Infusorigens (Fig. 3e; n = 20): Mature infusorigens medium-sized; 
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composed of 5-10 (mode 7) external cells (oogonia and primary 00-
cytes) + 3-5 (mode 4) internal cells (spermatogonia, primary sper-
matocytes, and secondary spermatocytes) + 4-8 (mode 5) spermatozoa. 
Mean diameter of fertilized eggs, 8.5 /Lm; that of spermatozoa, 1.5 /Lm. 
Axial cells irregular in shape, ranging in diameter from 7 to 10 /Lm. 
Infusoriform embryos (Figs. 3f g. 4g-i; n = 50): Full-grown embryos 
large, average 16.9 :<:: 0.6 /Lm in length (excluding cilia; mean :<:: SD); 
length:width:height ratio 1.0:0.82:0.78; shape ovoid, rounded to bluntly 
pointed posteriorly; cilia at posterior end 7 /Lm long. Refringent bodies 
present, solid; occupy anterior 30-40% of embryo length when viewed 
laterally (Fig. 3g). Cilia project from ventral internal cells into urn cav-
ity (Fig. 4g). Capsule cells contain small granules. Mature embryos with 
39 cells: 35 somatic + 4 germinal cells. Somatic cells of several types 
present: external cells that cover large part of anterior and lateral sur-
faces of embryo (2 enveloping cells); external cells with cilia on exter-
nal surfaces (2 paired dorsal cells + 1 median dorsal cell + 2 dorsal 
caudal cells + 2 lateral caudal cells + 1 ventral caudal cell + 2 lateral 
cells + 2 posteroventrallateral cells); external cells with refringent bod-
ies (2 apical cells); external cells without cilia (1 couvercle cell + 2 
anterior lateral cells + 2 first ventral cells + 2 second ventral cells + 
2 third ventral cells); internal cells with cilia (2 ventral internal cells); 
and internal cells without cilia (2 dorsal internal cells + 2 capsule cells 
+ 4 urn cells). Each urn cell contains 2 nuclei and 1 germinal cell. All 
somatic nuclei appear pycnotic in mature infusoriform embryos. 
Taxonomic summary 
Type host: Sepia longipes Sasaki, 1913 (Mollusca: Cephalopoda: Se-
piidae), female (submature), 87 mm ML (OUM-MO-00122). 
Other hosts: None. 
Type locality: Japan, Shikoku, Kochi Prefecture, Tosa Bay, off Irino, 
32°55/N, 137°1O/E, 50 m. 
Additional localities: None. 
Site of infection: Anterior ends (calottes) inserted into crypts of the 
renal appendages within the renal sacs. 
Prevalence: In 2 of 52 hosts examined. 
Specimens deposited: A syntype slide deposited in Osaka University 
Museum, Japan (OUM-ME-00021). Etymology: The species name is 
an adjective composed of 2 Greek roots, cappa, meaning "cap," and 
-kephalos, meaning "-headed," in reference to the characteristic cap-
shaped calotte of the vermiform stages. 
Remarks 
Pseudicyema cappacephalum sp. nov. is the third species to be de-
scribed in the genus Pseudicyema. The first Pseudicyema, P. truncatum 
(Whitman, 1883), was described from Rossia macrosoma (delle Chiaje, 
1829); Sepia officinalis Linnaeus, 1758; and S. elegans Blainville, 1827 
in the Mediterranean (Whitman, 1883). Later, Nouvel (1947) recorded 
P. truncatum from Sepia esculenta Hoyle in Japanese waters and S. 
orbignyana Ferussac, 1826 in the Mediterranean Sea, English Channel, 
and northeastern Atlantic Ocean. However, Furuya (1999) separated the 
dicyemid recorded earlier in Japanese waters from P. truncatum in Eu-
rope, and described P. nakaoi Furuya, 1999 as a new species. Pseudi-
cyema cappacephalum is distinguishable from the other 2 species by it 
calotte shape (cap-shaped vs. disc-shaped) and the number of peripheral 
cells of the vermiform stages (32-34 vs. 22). 
DISCUSSION 
Dicyemid fauna in Sepia longipes 
Sepia longipes inhabits tlie upper continental slope of middle 
Honshu to the East China Sea. This cuttlefish has a long arm 
that is extended nearly 170% of the mantle length in males. 
The present study is the first report of dicyemids from S. lon-
gipes, although several species of dicyemids have been found 
from other Sepia spp., such as S. elegans d'Orbigny, 1826 from 
the Mediterranean Sea (van Beneden, 1876; Whitman, 1883; 
Nouvel, 1947), S. elliptica Hoyle, 1885 from the Western Bay 
of Bengal (Kalavati et al., 1978, 1984), S. esculenta from Japan 
(Furuya, 1999), S. kobiensis Hoyle, 1885 from Japan (Furuya 
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Dicyema. Pseudicyema cappacephalum is the third species that 
can be assigned to this genus. 
Prevalence of dicyemids in Sepia longipes 
In the present study, dicyemid species were found in 21 of 
52 S. longipes caught in Tosa Bay in Japan. The chromidinid 
ciliate is predominantly found in this cuttlefish species; it also 
occurs in the other 48 cuttlefishes. Chromidinid ciliates and 
dicyemids co-occur in 17 cuttlefishes. Chromidinids, as well as 
dicyemids, exist in folds of the renal and the pancreatic ap-
pendages. Co-occurrence of both dicyemids and chromidinids 
was occasionally reported in Eledone cirrhosa (Lamarck, 
1798); Octopus salutii Verany, 1839; Todarodes pacificus 
(Steenstrup, 1880); Sepia kobiensis Hoyle, 1885; Sepia peter-
seni Appellof, 1886; Sepiella japonica Sasaki, 1929; and Eu-
prymna morsei (Verrill, 1881) (Nouvel, 1937; Furuya and 
Hochberg, 1999; Furuya, Ota et al., 2004; Furuya, 2008a). In 
cephalopod renal sacs, next to dicyemids, chromidinids are the 
most frequently encountered organisms. A total of 30 species 
of cephalopods representing 22 genera harbor chromidinids 
(Hochberg, 1982, 1983, 1990; Furuya, Ota, et aI., 2004). In 
contrast to dicyemids, chromidinids characteristically infect 
oceanic cephalopods (epi- and meso-pelagic squids and octo-
pods). Infection of benthonic or epi-benthonic hosts has been 
occasionally reported; however, in all cases, the chromidinids 
were found only in octopods that produce planktonic larvae, 
i.e, O. salutii, O. vulgaris, Scaeurgus unicirrhus (Chiaie, 1839), 
and E. cirrhosa, or in cuttlefishes whose young feed in surface 
waters, i.e., Sepia elegans Blainville, 1827; Sepia orbignyana 
Ferussac, 1826; and Sepiola rondeleti Leach, 1834 (Hochberg, 
1983). The larvae of S. japonica are planktonic (pers. obs.). 
Thus, it is possible that the planktonic larvae are infected with 
chromidinids before they settle to the bottom and pick up di-
cyemids. Although the larval type of S. longipes i~ not clear, 
the occurrence frequency of chromidinids suggests that the lar-
vae of S. longipes are also planktonic. The chromidinids seem 
to be progressively eliminated as the dicyemids increase in 
number and fill the entire renal habitat. In fact, no chromidinid 
was found in the individuals of S. longipes that harbor 2 species 
of dicyemids. 
Reproductive strategy 
The size and number of infusorigens are diagnostic charac-
teristics of the dicyemid species (Furuya et aI., 1993, 2007). 
There is a negative curvilinear relationship between the number 
of infusorigens per rhombogen and the number of gametes 
(egg-line and sperm-line cells) per infusorigen (Furuya et aI., 
2003; Furuya, 2005, 2006a, 2006b, 2006c). Irrespective of ge-
nus, 4 distinct groups of reproductive strategy are known: (1) 
rhombogens that form a relatively small number of medium- to 
large-sized infusorigens «5) and produce a relatively large 
number of gametes (>20) per infusorigen; (2) rhombogens that 
produce a large number of infusorigens (>5), each of which 
has, at most, 20 gametes; (3) rhombogens that produce large 
numbers of large-sized infusorigens with a large number of 
gametes; and (4) rhombogens that form a relatively small num-
ber of small-sized infusorigens with a few gametes (at most, 
10). Rhombogens of D. oxycephalum and P. cappacephalum 
produce 15-18 gametes, which represent a small number of 
small- to medium-sized infusorigens; thus, these species belong 
to the first type. 
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A NEW ANOPLOCEPHALID CESTODE FROM THE SOUTHERN BOG LEMMING 
SYNAPTOMYS COOPERI 
Voitto Haukisalmi and Ralph P. Eckerlin* 
Finnish Forest Research Institute, Vantaa Research Unit, P.O. Box 18, FI-01301 Vantaa, Finland. e-mail: voitto.haukisalmi@metia.fi 
ABSTRACT: A new cestode species, Anoplocephaloides bulmeri n. sp. (Cestoda: Anoplocephalidae), is described from the southern 
bog lemming Synaptomys cooperi (Baird) from Virginia. The general morphology of A. bulmeri strongly suggests that it belongs 
to the monophyletic Anoplocephaloides Baer 1923 s. str. It differs unequivocally from the other species of Anoplocephaloides s. 
str. by the distribution of testes in the poral part of the proglottid and also by the number of testes and the maximum length of 
the cirrus sac and seminal receptacle. Anoplocephaloides bulmeri most closely resembles Anoplocephaloides kontrimavichusi 
Rausch, 1976, a host-specific parasite of the northern bog lemming, Synaptomys borealis (Richardson). 
Anoplocephaloides Baer, 1923 s. str. (Anoplocephalidae) is a 
monophyletic group of cestodes parasitizing rodents in the Hol-
arctic region (Rausch, 1976; Wickstrom et aI., 2005; Hauki-
salmi et al., 2009). Morphologically they are very distinctive, 
characterized by a short, wide body and a prominent scolex 
(Rausch, 1976). Their microhabitat (posterior ileum, cecum, or 
the junction between them) is also different from that of the 
related taxa (Paranoplocephala spp., Microcephaloides spp.) 
that inhabit the small intestine proper, usually the duodenum or 
jejunum (Haukisalmi et al., 1998). Presently, there are 7 nom-
inal species of Anoplocephaloides s. str.: 4 in the voles (Arvi-
colinae) (Microtus Schrank and Chionomys Miller, and acci-
dentally other rodents), 1 in the true lemmings (Lemmus spp.), 
1 in the northern bog lemming (Synaptomys borealis Richard-
son), and 1 in geomyid.rodents (Geomys Rafinesque and Thom-
omys Wied-Neuwied; Table I). The species in lemmings (Ano-
plocephaloides lemmi (Rausch, 1952) Rausch, 1976 and Ano-
plocephaloides kontrimavichusi Rausch, 1976) are morpholog-
ically distinct from each other and from the species in voles 
and pocket gophers (Rausch, 1976), but the taxonomy of the 
latter assemblage is poorly understood. For example, molecular 
methods suggest that Anoplocephaloides dentata (Galli-Valerio, 
1905) and phylogenetically related cestodes in Microtus spp. 
and Chionomys nivalis (Martins) include multiple cryptic spe-
cies (Haukisalmi et aI., 2009). 
Recently, cestodes representing species of Anoplocephaloides 
s. str. were recovered by 1 of us (R.P.E.) from the southern bog 
lemming, Synaptomys cooperi (Baird), from Virginia. The spec-
imens are described here as a new species, which represents 
the first host-specific helminth to be identified from S. cooperi. 
MATERIALS AND METHODS 
Five southern bog lemmings were collected on 11 October 2004 by 
Walter Bulmer, Ralph P. Eckerlin, and Alfred L. Gardner from a wet 
meadow at the intersection of Back Creek and U.S. Highway 250 
(38°27.040'N, 79°39.043'W; elevation 1,180 m), Hightown, Highland 
County, Virginia. Examination for endoparasites revealed 2 anoplo-
cephalid cestodes in an adult male and 2 in an adult female, all from 
the posterior small intestine. The host vouchers (skin and skull) are 
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deposited in the U.S. National Museum mammal collection as catalog 
number 570195 (male symbiotype) and the Northern Virginia Com-
munity College collection as WB8276 (female). 
The host lemmings were captured in Museum Special snap traps and 
placed on ice in the field and then refrigerated on return to the labo-
ratory. The following day internal organs were isolated to separate dish-
es. Digestive organs were slit longitudinally, placed in tap water and 
then scraped lightly. The organs were washed in tap water, decanted, 
and then examined with the use of a dissecting microscope. The already 
immobile tapeworms were briefly washed in tap water and then pre-
served flat (without pressure) in 95% ethanol. Tapeworms were later 
stained with iron aceto-carmine, cleared in eugenol, and mounted in 
Canada balsam. The cestode specimens have been deposited in the Unit-
ed States National Parasite Collection (USNPC), Beltsville, Maryland. 
Cestodes representing Anoplocephaloides s. str. do not have a proper 
neck (unsegmented region), but there is always a more or less distinct 
constriction immediately posterior to the scolex. The length of the sco-
lex was measured from the anterior tip to the level of the neck con-
striction. Because of the shortness of the body and rapid development 
of proglottids, the internal organs were measured and counted from a 
single mature proglottid from each strobila. Because the cirrus sac and 
seminal receptacle continue to increase markedly in size after the last 
mature proglottid, only their maximum dimensions in each strobila were 
recorded. The asymmetrical position of vitellarium ("index of asym-
metry") was quantified as the ratio of the poral distance of vitellarium, 
measured from the midpoint of vitellarium to the poral margin of pro-
glottid, to the corresponding proglottid width. Replicate measurements 
were recorded for the diameter of suckers (4 measurements per indi-
vidual) and egg length (10 measurements). 
In the description, measurements are based on 4 specimens unless 
otherwise stated. All measurements are in micrometers, except for body 
length and width (in millimeters). 
DESCRIPTION 
Anoplocephaloides bulmeri n. sp. 
(Figs. 1-6) 
Description (based on 4 gravid specimens): Body 8.2-9.6 mm long, 
with 42-46 proglottids. Maximum width 2.5-2.7 mm, attained in pre-
gravid proglottids. Velum distinct, straight or slightly curved posteri-
orly. All proglottids much wider tJtan long, length/width ratio 0.063-
0.083 in mature proglottids. Scolex prominent, 1,040-1,370 wide and 
700-820 long, usually partly embedded in anterior strobila. Suckers 
muscular, embedded within scolex, 470-560 (mean 508, n = 16) in 
maximum diameter, directed antero-Iaterally. Strobila widens abruptly 
after scolex, forming distinct "shoulders" that are present even in well-
relaxed specimens. Neck absent.' Minimum width of neck constriction 
870-1,110. Developing genital organs visible in first proglottids. Gen-
ital pores unilateral, opening slightly anterior to middle of proglottid 
margin in mature proglottids. Genital ducts passing dorsally across lon-
gitudinal osmoregulatory canals. Ventral longitudinal canals ca. 20 wide 
in mature proglottids, strongly arched, connected by slightly thinner 
transverse canals. Dorsal longitudinal osmoregulatory canals of roughly 
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FIGURES 1-6. Anoplocephaloides bulmeri n. sp. from Synaptomys cooperi. (1) Strobila. (2) Scolex and anterior strobila. (3) Mature proglottid. 
(4) Terminal genital ducts. (5) Hand-cut transverse section of a mature proglottid showing the relative position of uterus, testes, and longitudinal 
osmoregulatory canals (l.o.c.). (6) Pregravid proglottid 
same width as ventral longitudinal canals, positioned lateral to them. 
Cirrus sac elongate, proximally overlapping or extending across longi-
tudinal osmoregulatory canals. Muscle layers of cirrus sac conspicu-
ously thick. Maximum length and width of cirrus sac 260-320 and 90-
110, respectively, attained in pregravid or early gravid proglottids. Duc-
tus cirri provided with minute spines in its distal part. Interual seminal 
vesicle initially spherical, elongating and filling 16-213 of cirrus sac length 
in postmature and pregravid proglottids. External seminal vesicle cov-
ered by intensely stained cells. Filled, expanded external seminal vesicle 
in postmature proglottids with highly convoluted distal part. Testes 69-
78 in number, forming narrow continuous band from antiporal osmo-
regulatory canals to poral margin of ovary; 1-2 testes usually positioned 
lateral to ventral antiporal longitudinal canal. Testes attaining length of 
60-75 in postmature proglottids. ,vagina straight, thick-walled tube of 
fairly uniform width, ca. 65% of cirrus sac length. Internally vagina 
lined with delicate hair-like structures. Fully developed seminal recep-
tacle in postmature proglottids 700-770 long, filling whole space be-
tween transverse osmoregulatory canals. Shallow constriction present 
in middle of seminal receptacle. Ovary coarsely lobed, transversely 
elongated, 590-650 wide in mature proglottids, positioned mostly in 
poral field. Median margin of ovary always extending across midline 
of proglottid; poral margin does not reach longitudinal canals. Vitellar-
ium asymmetrically bilobed, 200-220 wide and 100-130 long, posi-
tioned middle of ovary, porally with respect to midline of proglottid 
(index of asymmetry 0.38--0.42). Uterus appears as transverse cord in 
anterior part of mature proglottids, positioned ventral to testes and ex-
tending ventrally (and bilaterally) across ventral longitudinal canals. In 
late mature proglottids uterus develops well-defined lumen, then rapidly 
expands posteriorly and develops shallow anterior and posterior sac-
culations. Eggs 34-41 (mean 37.6, n = 40) long, spherical in surface 
view, ovoid in lateral view. Pyriform apparatus present. 
Taxonomic summary 
Type host: Southern bog lemming, S. cooperi (Baird), Cricetidae, 
Arvicolinae. 
Type locality: Hightown, Highland County, Virginia (38°27.040'N, 
79°39.043'W). 
Site of infection: Posterior small intestine. 
Specimens deposited: Holotype: USNPC No. 100840; 3 paratypes: 
USNPC Nos. 97498 (2 specimens) and 97499. 
Prevalence and intensity of infection: Two of 5 hosts (40%): 2 + 2 
specimens in 2 hosts. 
Etymology: Named in honor of Walter Bulmer, Northern Virginia 
Community College, Annandale, Virginia. Professor Bulmer is a friend, 
colleague, teacher, and excellent field biologist. 
Remarks 
Anoplocephaloides s. str. is a monophyletic group of species, the 
representatives of which are characterized by a short and wide (wedge-
shaped) strobila, a prominent scolex, and similar internal morphology 
(Rausch, 1976; Haukisalmi et aI., 2009; see Discussion). The group 
includes 7 nominal species parasitizing voles, lemmings (Cricetidae, 
Arvicolinae), and pocket gophers (Geomyidae) in Eurasia and North 
America (Table I). Because the species belonging to Anoplocephaloides 
s. str. are very distinctive in their general morphology, the new species 
is not compared with other species of Anoplocephaloides s. l. (see 
Rausch, 1976 and Genov and Georgiev, 1988 for reviews of different 
morphological types in Anoplocephaloides s. I.). 
Anoplocephaloides bulmeri differs unequivocally from all the other spe-
cies of Anoplocephaloides s. str. by the distribution of testes in the poral 
part of the proglottid; in the other species, testes extend to the antiporal 
part of ovary/middle of vitellarium only, whereas in the new species they 
extend regularly to the pOral margin of the ovary. In addition, the number 
of testes and maximum length of the cirrus sac and seminal receptacle in 
the other species of Anoplocephaloides s. str. are practically nonoverlapping 
with those of the new species (Table I). Anoplocephaloides bulmeri may 
also differ from the related species except A. kontrimavichusi by the pres-
ence of distinct "shoulders," meaning that the anterior strobila widens more 
abruptly in the former species. This feature is probably not caused by 
contraction, because it is always present in A. bulmeri and A. kontrimavi-
chusi, but never in the related species (even when contracted). The slender 
body of A. bulmeri (Fig. I) also suggests that the examined specimens are 
not severely contracted. 
DISCUSSION 
Although molecular data are still unavailable for A. bulmeri, 
its morphology strongly suggests that it belongs to the mono-
phyletic Anoplocephaloides s. str. The new species has a char-
acteristically prominent scolex with strongly developed suckers, 
no neck (unsegmented region), transversely elongated proglot-
tids, and a wide body relative to its length, although it has a 
relatively slender body compared with most of the other species 
of Anoplocephaloides s. str. (Table I). Other features associating 
it with species of Anoplocephaloides s. str. are unilateral genital 
pores, a tubular early uterus positioned in the anterior proglottid 
and extending (ventrally) across longitudinal canals, and narrow 
strongly arched ventral longitudinal osmoregulatory canals. 
Moreover, its intestinal position corresponds to that in other 
species of Anoplocephaloides s. str. 
The existing molecular phylogenetic data for Anoplocephal-
oides s. str. (Wickstrom et aI., 2005; Haukisalmi et aI., 2009) 
suggest that the species in lemmings (A. lemmi and A. kontri-
mavichusi) are basal to the species in voles (A. dentata-like 
HAUKISALMI AND ECKERLlN-A BULMER! N. SP. 693 
cestodes). The presence of shoulders and the tendency of the 
scolex to be partly embedded in the anterior strobila in A. kon-
trimavichusi and A. bulmeri (but not in other species) suggests 
that they may represent sister species, which may have codi-
verged with their hosts. 
The comprehensive host-parasite database maintained by the 
Natural History Museum in London (Gibson et aI., 2005) shows 
that at least 33 species of rodents have been reported as hosts 
for A. dentata or Paranoplocephala brevis in Eurasia. The ubiq-
uitousness and relatively high host specificity (Haukisalmi et 
aI., 2009) suggest that Anoplocephaloides s. str. still includes a 
number unidentified species. However, many of the new species 
may be morphologically indistinguishable, as suggested by the 
recent study of Haukisalmi et al. (2009) on A. dentata and re-
lated cestodes. 
Anoplocephaloides bulmeri represents the first host-spe-
cific helminth of the southern bog lemming. The only pre-
vious record of cestodes from S. cooperi is that of Erickson 
(1938), reporting an unidentified species of Andrya Railliet, 
1893 (Anoplocephalidae) in Minnesota. The cestode found 
by Erickson (1938) probably belongs to Paranoplocephala 
Luhe, 1910, because recent evidence suggests that the spe-
cies of Andrya are parasites of lagomorphs and, possibly, 
Neotoma Say & Ord (Cricetidae, Neotominae; Haukisalmi 
and Wickstrom, 2005). 
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A REDESCRIPTION OF THREE SPECIES OF MONOECOCESTUS 
(CESTODA: ANOPLOCEPHALIDAE) INCLUDING MONOECOCESTUS THRELKELDI 
BASED ON NEW MATERIAL 
Terry R. Haverkost and Scott L. Gardner* 
The Harold W. Manter Laboratory of Parasitology, University of Nebraska State Museum, Lincoln, Nebraska 68588-0514. e-mail: slg@unl.edu 
ABSTRACT: Because we have new and detailed data on species in the genus, herein we redescribe both Monoecocestus macro-
bursatus and M. minor based on existing museum specimens. We also redescribe M. threlkeldi (Parra, 1952) using material 
collected in Bolivia. Based on the specimens representing M. thelkeldi, we affirm that Perutaenia Parra, 1953 should remain a 
junior synonym of Monoecocestus. 
After an examination of the type material, Beveridge (1994) 
considered Perutaenia a junior synonym of Monoecocestus 
Beddard, 1914. The type material of M. threlkeldi, the type 
species of Perutaenia, was admittedly of marginal quality, but 
the key character in his decision (vagina entering genital atrium 
anterior to cirrus sac) was clearly seen in mature proglottids. 
The type specimens of M. thelkeldi do not have gravid seg-
ments, and it is likely that measurements based on these spec-
imens do not reflect those seen in fully gravid specimens. For 
a more-solid taxonomic determination to be made, additional 
gravid specimens representing this species are necessary. 
In 1985, research teams from the Museum of Southwestern 
Biology (University of New Mexico, Albuquerque, NM) and 
the American Museum of Natural History (New York, NY) 
were surveying mammals and their parasites throughout low-
land Bolivia. During this study, 1 specimen of Holochilus bras-
iliensis (Desmarest, 1819) was collected by S.L.G, and found 
to host over 50 anoplocephalid cestodes throughout its small 
intestine. 
This paper redescribes M, thelkeldi based on specimens ob-
tained from H. brasilensis, In addition, we provide new mea-
surements and redescriptions from museum specimens of M. 
macrobursatus Rego, 1961 and M. minor Rego, 1960,2 species 
closely resembling M. thelkeldi. 
MATERIALS AND METHODS 
All specimens of mammals that were collected were processed using 
standard methods (Gardner, 1996). Voucher specimens of the hosts are 
housed at the American Museum of Natural History (AMNH) in New 
York City, New York, or at the Museum of Southwest Biology (MSB) 
at the University of New Mexico in Albuquerque, New Mexico. Rodents 
were collected in the field, and necropsy was performed immediately after 
death. The intestinal tract was opened via transverse cut with blunt-nosed 
scissors in saline solution, cestodes recovered were immediately relaxed 
in fresh river water, and then immediately killed and fixed in either 10% 
formalin solution (v/v) or 70% ethanol. Specimens were preserved, trans-
ported, and stored in the same solution as that used for fixation. Speci-
mens were stained in Semichon's acetic carmine, dehydrated in an ethanol 
series, cleared in cedarwood oil and xylene, and mounted on slides in 
Damar gum. After staining, the tegument and ventral or dorsal longitu-
dinal muscles were removed to allow for a better view of the internal 
organs. Voucher specimens examined, representing M. minor and M. ma-
crobursatus, were loaned from the Cole,<ao Helmintologica do Instituto 
Oswaldo Cruz (CHIOC), Rio de Janeiro, Brazil. 
All measurements of individual proglottids were taken by first drawing 
Received 22 August 2008; revised 9 October 2008; accepted 5 No-
vember 2008. 
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the proglottid with the aid of a drawing tube, digitizing the drawing, and 
measuring the digitized image using SigmaScan Pro 5.0 (SPSS, Chicago, 
Illinois). Measurements of the strobila were made with an ocular microm-
eter on a Jenaval compound microscope (Zeiss Corp., Jena, Germany). 
Measurements of eggs were made with the compound microscope using 
SigmaScan Pro 5.0 (SPSS, Chicago, Illinois) from digital images. Mea-
surements were taken from 1-2 proglottids per specimen. Scolex length 
was measured from the anterior of the scolex to the posterior margin of 
the suckers. Neck length was measured from the posterior margin of the 
suckers to the beginning of visible segmentation. Sinistral--dextral alter-
nation of the genital atrium among segments was recorded or standardized 
as the number of changes per 100 proglottids. The index of asymmetry 
was calculated from the ratio of the distance between the midpoint of the 
vitelline gland and the poral extreme/the total width of the proglottid (Sato 
et aI., 1993). Testis distribution was measured as the transverse distance 
between the two most-distal testes in the proglottid (Haukisalmi and Hent-
tonen, 2003). Maximum cirrus sac measurements were not recorded be-
cause the cirrus is usually everted, likely skewing these measurements. 
All measurements are provided in micrometers, unless otherwise speci-
fied, and include the range, followed by the mean in parentheses, and the 
number of measurements if different from that initially given. Selected 
measurements are shown in Table 1. 
REDESCRIPTION 
Monoecocestus macrobursatus Rego, 1961 
(Figs. 2, 3, 7) 
Diagnosis (measurements based on voucher specimens, 8 individuals 
and 10 mature proglottids): Scolex 280-600 (413, n = 7) long, 544-
840 (701, n = 7) wide. Suckers face laterally or antero-laterally. Suckers 
232-468 (323, n = 27) in diameter. Neck 0-240 (151) long, 372-720 
(555) wide. Specimens with 62-91 (78, n = 7) proglottids. Strobila 
total length 9.4-19.6 mm (15.0 mm, n = 7). Strobila maximum width 
1.4-2.6 mm (2.2 mm, n = 7). Immature proglottids 48-176 (96, n = 
7) long, 840-2,040 (1,205, n = 7) wide. Length/width ratio of immature 
proglottids 0.04-0.17 (0.09, n = 7). Mature proglottids 156--291 (213) 
long, 1,384-2,243 (2,130) wide. Length/width ratio of mature proglot-
tids 0.08-0.18 (0.13). Gravid proglottids 312-811 (629) long, 1,104-
2,309 (1,745) wide. Length/width ratio of gravid proglottids 0.15-0.65 
(0.39). Genital pores alternate regularly, 98-100 (100, n = 7) switches 
per 100 proglottids. Genital peduncle forms as cirrus everts in post-
mature proglottids. Testes number 51-53 (52, n = 2), 22-38 (29, n = 
25) in diameter. Testis distribution 479-508 (494, n = 2); do not overlap 
osmoregulatory canals. Testes overlap cirrus sac, ovary, seminal recep-
tacle, and vitelline gland dorsally. Cirrus with spines. Cirrus sac 191-
388 (273) long, 95-213 (151) wide. Genital atrium deep, often extend-
ing to osmoregulatory canals. Cirrus sac extends mediad beyond canals. 
Internal seminal vesicle present. Vas deferens a dilated tube surrounded 
by dark-staining cellular coating. Seminal receptacle 86-108 (95, n = 
4) long, 74-99 (90, n = 4) wide. Vitelline gland 69-136 (110) long, 
177-313 (232) wide. Index of asymmetry 0.44-0.54 (0.48). Ovary 117-
237 (182) long, 446-833 (589) wide. Vagina indistinct in mature pro-
glottids. Vagina enters genital atrium anterior to cirrus sac. Uterus ven-
tral to seminal receptacle and testes, dorsal to ovary. Uterus crosses 
ventral excretory canals ventrally and dorsally. Gravid uterus reticulate, 
with anterior and posterior diverticula, becoming sac-like later in de-
velopment. Eggs 45-70 (57, n = 27) in diameter. Embryophore in form 
696 THE JOURNAL OF PARASITOLOGY, VOL. 95, NO.3, JUNE 2009 
1 
1 
.: 
, .. 
€~~ 
,.: 
<:i.~: 
."'","."' ....• _"'~'" •• ,., .. , .. C'_"'''''''''n-.',<';'''<' , •. ,,;,.,r~:,r ' . 
. !.'l:/!;,t< 
.-~~ J~'''''!' l.~ ;;":'.;..t •. !~ ~> ~ .~.,"I' .. ,.:,.,.IN....:',.,.. :...,._ ...... : frl.' .. " I ...... '" ,,""'':',, ::t/~"'" 
""""-~-"""'~'" ""n, .... ,,,,,,..-,.,_:: .J"''';; '_"''''''.''''_;'c' ••• ~,",_'')i'';' 
"'''" >--"···""'·'''~'''':'·'''''''''''·'6' .• , •• ,_ .. :. ,."., .... ,<:> .• >,.' .... »,-<. "".",."".--- "".''-'' 
-
FIGURES 1-4. (1) Monoecocestus minor, Scolex. CHIOC 27.719B. (2) Monoecocestus macrobursatus, scolex. CHIOC 27.734A. (3) Mono-
ecocestus macrobursatus, mature proglottid. CHIOC 27.734A. (4) Monoecocestus minor, mature proglottid. CHIOC 27.720A. Scale bars = 0.1 
mm 
-of pyriform apparatus, often blunt or with short horns. Genital organs 
crossing excretory canals dorsally. Dorsal and ventral osmoregulatory 
canal present with single transverse canal. Ventral canals 20-66 (45) 
wide, dorsal canals 6-20 (13) wide, transverse canals 16-23 (20, n = 
2) wide. 
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Taxonomic summary 
FIGURE 5. Monoecocestus threlk-
eldi. (A) Full strobila HWML 
60426E. Scale bar = 0.5 mm. (B) 
Scolex. HWML 604261. Scale bar = 
0.1 mm. (C) Egg. Scale bar = 0.01 
mm. (D) Mature proglottid. HWML 
60426H. Scale bar = 0.1 mm. 
Host; Hydrochoerus hydrochaeris (Linnaeus, 1766). 
Locality; Angra dos Reis, State of Rio de Janeiro; Salobra and S. 
Joao (type locality), State of Mato Grosso, Brazil. 
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FIGURE 6-7. (6) Monoecocestus minor, full strobila. CHIOC 
27.719B. (7) Monoecocestus macrobursatus, full strobila. CHIOC 
27.733C. Scale bars = 0.5 mm. 
Specimens studied: From the CHIOC (all vouchers): 27.733 b-d, 
f-g; 27.734 a, c; 27.735. 
Remarks 
Because the species-group name does not match the gender of the 
generic name, we formally change Monoecocestus macrobursatum to 
M. macrobursatus in accordance with Article 34.2 of the International 
Code of Zoological Nomenclature (ICZN, 1999). Monoecocestus mac-
robursatus, M. threlkeldi, and M. minor are the 3 currently described 
species of Monoecocestus that have a total length less than 100 mm. 
All other species of Monoecocestus have a total length greater than 150 
mm. Hence, the diagnoses that follow only compare the 3 species men-
tioned above. Monoecocestus macrobursatus can be distinguished from 
M. minor and M. threlkeldi by having a larger scolex, a larger diameter 
of the suckers, and a larger minimum neck width. Monoecocestus mac-
robursatus has more-numerous, and smaller, testes than M. threlkeldi 
and has more proglottids in fully gravid specimens; M. macrobursatus 
has a larger cirrus sac than M. minor and a larger cirrus sac/proglottid 
width ratio. 
Monoecocestus threlkeldi (Parra, 1952) Beveridge, 1994 
Synonymy: Paranoplocephala threlkeldi Parra, 1952 
Perutaenia threlkeldi Parra, 1953 Fig. (5) 
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Diagnosis (measurements based on voucher specimens, 5 fully gravid 
individual and 10 mature proglottids): Scolex 180-228 (205) long, 
288-480 (411) wide. Suckers face laterally or antero-Iaterally. Suckers 
138-192 (176, n = 20) in diameter. Neck 180-240 (214) long, mini-
mum width 260-356 (324). Fully gravid specimens with 34-49 (40) 
proglottids. Strobila total length 9.5-20.0 mm (14.4 mm). Strobila max-
imum width 1.4-1.9 mm (1.8 mm). Immature proglottids 120-200 
(154) long, 656-880 (765) wide. Length/width ratio of immature pro-
glottids 0.16-0.24 (0.20). Mature prog1ottids 123-248 (200) long, 941-
1,301 (1,120) wide. Length/width ratio of mature proglottids 0.12-0.22 
(0.18). Gravid proglottids 640-1,248 (902) long, 1,392-1,872 (1,726) 
wide. Length/width ratio of gravid proglottids 0.44--0.73 (0.52). Genital 
pores alternate regularly with 98-100 (100) changes per 100 proglottids. 
Genital peduncle forms as cirrus everts in post-mature proglottids. Tes-
tes number 17-30 (24) per proglottid, each testis 42-60 (49, n = 50) 
in diameter. Testis distribution 353-570 (489). Testes may overlap ven-
tral and transverse osmoregulatory canal, always crossing canal dorsal-
ly. Testes overlap ovary, seminal receptacle, and vitelline gland dorsally. 
Cirrus sac 205-284 (234) long, 92-124 (112) wide. Cirrus usually evert-
ed. Cirrus with spines. Genital atrium deep, often reaching osmoregu-
latory canals. Cirrus sac crosses canals, often extending further mediad, 
terminating near midline of proglottid. Internal seminal vesicle present. 
Vas deferens a dilated tube surrounded by dark-staining cellular coating. 
Seminal receptacle ovoid to spherical, 73-129 (112) long, 63-98 (81) 
wide. Vitelline gland 67-111 (86) long, 135-167 (150) wide. Index of 
asymmetry 0.46--0.51 (0.49). Ovary 138-211 (182) long, 386-560 (471) 
wide. Vagina dilated in immature proglottids. Vagina indistinct in ma-
ture proglottids. Vaginal dilation dissipates as seminal receptacle forms. 
Vaginal dilation overlaps cirrus sac, reaches to developing seminal re-
ceptacle, does not reach distally past cirrus sac. Vagina enters genital 
atrium anterior to cirrus sac. Uterus dorsal to ovary, ventral to seminal 
receptacle and testes. Uterus crosses ventral excretory canals ventrally 
and dorsally. Gravid uterus reticulate with anterior, posterior, and lateral 
diverticula. Eggs 44-56 (49, n = 25) in diameter. Embryophore in form 
of a pyriform apparatus, 14-21 (18, n = 25) long. Pyriform apparatus 
blunt or with very short horns. Oncosphere 8-10 (10, n = 25) in di-
ameter. Genital organs crossing osmoregulatory canals dorsally. Dorsal 
and ventral excretory canals present with one transverse anastomosis. 
Ventral canals 14-87 (48) wide, dorsal canals 5-13 (9) wide, transverse 
canals 7-46 (29) wide. 
Taxonomic summary 
Host: Holochilus brasiliensis (Desmarest, 1819) NK 13169, AMNH 
261985. 
Locality: Rio Tijamuchi, Beni, Bolivia, 1985. 14.56°S, 65.9"W, 240 
meters elevation. 
Specimens deposited: (5 specimens): HWML 60426 d--e, g-h, k de-
posited in the Harold W. Manter Laboratory of Parasitology Parasite 
Collection. 
Prevalence and intensity: One individual rodent with >50 worms. 
Remarks 
Monoecocestus threlkeldi can be distinguished from M. minor and 
M. macrobursatus by having fewer testes that are twice the size; M. 
threlkeldi has fewer total proglottids in fully gravid specimens than both 
M. minor and M. macrobursatus. Monoecocestus thelkeldi has a larger 
scolex diameter, sucker diameter, and cirrus sac length than M. minor. 
Additional comparisons to M. macrobursatus show that M. thelkeldi has 
a smaller scolex diameter and sucker diameter, and a smaller vitellarium 
width. 
The early uterus and its subsequent development in M. threlkeldi 
match the descriptions of uterine structure and development in other 
Monoecocestus species. The uterus is first seen as a transverse tube, 
quickly developing lobes in all directions. This development is shown 
in Figure 8. 
Monoecocestus minor Rego, 1960 
(Figs. 1, 4, 6) 
Diagnosis (measurements based on paratype and voucher specimens, 
4 individuals and 8 mature proglottids): Scolex 125-173 (143) long, 
250-325 (291) wide. Suckers face laterally or antero-Iaterally. Suckers 
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FIGURE 8. The developing uterus of Monoecocestus threlkeldi. Other organs and structures not shown for clarity. HWML 60426K. Scale bars 
= 0.1 mm. 
45-125 (89, n = 16) in diameter. Neck 0-88 (52) long, 288 (n = 1) 
wide. Specimens with 51-82 (67) proglottids. Strobila total length 6.1-
15.7 mm (10.9 mm). Strobila maximum width 1.2-1.6 mm (1.4 mm). 
Immature proglottids 60-112 (87) long, 540-1,400 (1,037) wide. 
Length!width ratio of immature proglottids 0.07-0.11 (0.09). Mature 
proglottids 121-207 (169) long, 1,194-1583 (1,394) wide. Length! 
width ratio of mature proglottids 0.08-0.17 (0.12). Gravid proglottids 
240-655 (454) long, 920-1,560 (1,231) wide. Length!width ratio of 
gravid proglottids 0.26-0.45 (0.35). Genital pores alternate regularly, 
88-94 (90) switches per 100 proglottids. Genital peduncle not visible 
in post-mature proglottids. Testes 15-42 (28, n = 38) in diameter. Testes 
overlap ovary and vitelline gland dorsally. Cirrus with spines. Cirrus 
sac 87-186 (135) long, 41-90 (64) wide. Genital atrium deep, cirrus 
sac overlaps the osmoregulatory canals, does not extend far mediad 
beyond canals. Internal and external seminal vesicle present. Seminal 
receptacle 177 (n = 1) long, 49 (n = I) wide. Vitelline gland 45-100 
(64) long, 83-187 (137) wide. Index of asymmetry 0.45-0.52 (0.47). 
Ovary 69-160 (106) long, 235-546 (385) wide. Vagina indistinct in 
mature proglottids. Vagina enters genital atrium anterior to cirrus. Uter-
us ventral to seminal receptacle and testes, dorsal to ovary. Uterus cross-
es ventral excretory canals ventrally and dorsally. Gravid uterus retic-
ulate with predominately anterior and posterior diverticulae, eventually 
becoming sac-like. Eggs 45-53 (49, n = 10) in diameter. Embryophore 
in form of pyriform apparatus. Pyriform apparatus blunted or with short 
horns. Genital organs crossing osmoregulatory canals dorsally. Dorsal 
and ventral osmoregulatory canals present with single transverse anas-
tomosis. Ventral canals 29-41 (35, n = 2) wide, dorsal canals 6-8 (7, 
n = 2) wide, transverse canals 16 (n = 1) wide. 
Taxonomic summary 
Host; Cavia aperea Erxleben, 1777. 
Locality; Rio de Janeiro, State of Guanabara, Brazil. 
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Specimens studied: From the CHlOC: 27.719 b-c (vouchers); 27.720 
a-b (paratypes). 
Remarks 
Monoecocestus minor is the smallest of the 3 species discussed here. 
Compared to M. threlkeldi and M. macrobursatus, M. minor has a 
smaller scolex diameter, a smaller sucker diameter, and a smaller cirrus 
sac length with a smaller cirrus sac/proglottid width ratio. Alternation 
of the genital atrium is slightly more irregular than M. thelkeldi and M. 
macrobursatus. Testes were very difficult to distinguish in the speci-
mens available for our study and, thus, were not counted. Rego (1960) 
states that M. minor has 50-80 testes, but cites their diameter (46 I-1m) 
as larger than that of our study (15-42 [28]). In this case, we trust our 
own measurement for testis diameter and Rego's (1960) measurement 
of testes number to be greater than 50. This would give M. minor rough-
ly double the number of testes relative to M. threlkeldi. 
DISCUSSION 
We agree with Beveridge (1994), who considered Perutaenia 
to be a junior synonym of Monoecocestus, based on the en-
trance of the vagina being anterior to the cirrus sac at the genital 
atrium. We are also in agreement with Beveridge (1994) that 
the type specimens of M. thelkeldi (USNPC 37380) are not of 
high-enough quality to make solid taxonomic decisions, but it 
is clear that the worms we collected from H. brasiliensis are 
M. threlkeldi. Differences between the published description 
(Parra, 1953) of M. threlkedi and the specimens we examined 
from Bolivia include the size and position of the testes relative 
to the female genital organs. Based on Parra's (1953) descrip-
tion and her Figure 3, it appears that the position and size of 
the testes were based on the measurements made from imma-
ture proglottids. In specimens representing various species of 
Monoecocestus, it is,.common to see the testes migrate posteriad 
throughout the segment during development, with the testes 
starting off anterior to the ovary in imm(lture proglottids and 
becoming mediad, and eventually posterior, to the-ovary in ma-
ture segments. Testis size also increases in more-mature pro-
glottids of anoplocephalid cestodes. Our measurements also 
show M. threlkeldi to have a greater total length than was re-
ported by Parra (1953). We believe this discrepancy is caused 
by our measurements being based on gravid specimens and the 
type specimens of M. threlkeldi being immature, having not yet 
reached their maximum total length. 
Prior to this study, species of Monoecocestus from South 
America were found almost exclusively in hystricognath ro-
dents, with the exception of M. rheiphilus Voge and Reed, 1953 
from Darwin's rhea (Pterocnemia pennata) in Peru and M. 
mackiewiczi Schmidt and Martin, 1978 from Phyliotis sp. (My-
omorpha: Sigmodontinae) in Paraguay. Holochilus brasiliensis, 
also a sigmodontine rodent, is the third host species of Mono-
ecocestus found outside of the Hystricomorpha. 
It is possible that the specimens from H. brasiliensis repre-
sent a cryptic species. However, the measurements of the spec-
imens from H. brasiliensis were very similar to the description 
of M. thelkeldi, and we feel that occurrence of a parasite in a 
specific species or group of species of hosts, per se, is not 
sufficient to differentiate a species and is not a valid character 
in a species diagnosis of a parasite. The knowledge of the tax-
onomic relationships of anoplocephaline cestodes historically 
has been limited by the lack of useful taxonomic characters, 
and recent work in the area has relied more heavily on data 
from DNA sequencing to provide additional characters. Based 
purely on morphological evidence, it is clear that our specimens 
from H. brasiliensis represent M. thelkeldi. This hypothesis re-
mains to be tested with molecular characters. 
Haukisalmi and Wickstrom (2005) showed that generic-level 
classification can be achieved with certain anoplocephalines by 
noting where the gravid uterus crosses the osmoregulatory ca-
nals. The work herein, and additional observations of numerous 
other specimens, shows that in all species assigned to Mono-
ecocestus, the gravid uterus crosses the osmoregulatory canals 
both dorsally and ventrally. This pattern should be observed 
across multiple proglottids because in a single proglottid, the 
uterus may overlap the osmoregulatory canals ventrally, dor-
sally, or both. When the uterus overlaps these canals both dor-
sally and ventrally in the same proglottid, it may overlap the 
dextral canals dorsally and the sinistral canals ventrally, or it 
may overlap one side both dorsally and ventrally. Our obser-
vations indicate that this character is stable and observable in 
well-prepared specimens and can be given taxonomic weight 
on the generic level for Monoecocestus. 
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ROBUSTOSTRONGYLUS AFERENSIS GEN. NOV. ET SP. NOV. (NEMATODA: 
TRICHOSTRONGYLOIDEA) IN KOB (KOBUS KOB) AND HARTEBEEST (ALCELAPHUS 
BUSELAPHUS JACKSON/) (ARTIODACTYLA) FROM SUB-SAHARAN AFRICA, WITH 
FURTHER RUMINATIONS ON THE OSTERTAGIINAE 
Eric P. Hoberg, Arthur Abrams, and Patricia A. Pilitt 
United States National Parasite Collection and Animal Parasitic Disease Laboratory, United States Department of Agriculture, Agricultural 
Research Service, BARC East, Building 1180, 10300 Baltimore Avenue, Beltsville, Maryland 20705, e-mail: eric.hoberg@ars.usda,gov 
ABSTRACT: Abomasal nematodes (Ostertagiinae: Trichostrongyloidea), representing a previously unrecognized genus and species, 
were discovered in kob (Kobus kob) and kongoni (hartebeest) (Alcelaphus buselaphus jacksoni) from Uganda during surveys of 
ungulate parasites in the 1960s, Robustostrongylus aferensis gen. nov. et sp. nov. is characterized by a ventriculus-like, bilobed 
valve at the junction of the esophagus arid intestine, a synlophe with unusually robust ridges, cervical papillae and excretory 
pore situated posterior to the mid-length of the esophagus, a unique body form and large diameter in males and females, a 
relatively anterior position for the vulva, and strongly convoluted and spiraled ovarian tracks in females. Bursal structure is 2-1-
2, with subequal Rays 2/3, strongly reduced and robust Rays 8, and relatively narrow Rays 9/10 contained within a reduced, 
laterally inflated dorsal lobe. Spicules are filamentous and tripartite; the gubernaculum is cryptic, alate, and heart-shaped in the 
anterior. Robustostrongylus aferensis, with narrow filamentous spicules that trifurcate distally near 80%, paired arcuate "0" 
papillae that terminate in bulbous expansions, and a reduced dorsal lobe and ray most closely resembles species of Longistron-
gylus. A suite of unique characters, consistent in males and females, however, unequivocally distinguishes specimens of R. 
aferensis from all ostertagiines with either a 2-1-2 or 2-2-1 bursal pattern. Among 15 genera of the Ostertagiinae in the global 
fauna, 5 are entirely limited in distribution to Africa, including Africanastrongylus, Hamulonema, Longistrongylus, Pseudomar-
shallagia, and Robustostrongylus gen. nov.; species among 5 additional genera, including Cervicaprastrongylus, Hyostrongylus, 
Marshallagia, Ostertagia, and Teladorsagia, also occur in Africa, but they are represented as mosaics, with diversity centered 
in Eurasia or the Ho1arctic. 
Medium stomach worms in ungulates, usually referred to the 
Ostertagiinae (Trichostrongyloidea), remain economically im-
portant parasites among domestic and free-ranging livestock 
throughout the world. Diversity for this abomasal parasite fauna 
is relatively well defined for those nematodes occurring glob-
ally in cattle, sheep, g~)ats, and some farmed cervids (Hoberg 
et aI., 2001; Haigh et aI., 2002), although accurate taxonomy 
continues to be hindered by confusion over the application of 
polymorphism among males representing single species 
(Drozdz, 1995; Hoberg et aI., 1999). Concepts for species-limits 
have also been changing in this group as a consequence of 
cryptic diversity revealed through molecular systematics com-
bined with detailed comparative morphology (Criscione et aI., 
2005). Such is best exemplified within Teladorsagia Andreeva 
and Satubaldin, 1954 in which T. circumcincta (Stadelman, 
1894) has been shown to include an array of cryptic species in 
domestic and free-ranging artiodactyls (Hoberg et aI., 1999; 
Leignel et aI., 2002; Grillo et aI., 2007); the occurrence of spe-
cies complexes is predicted to be a generality across other re-
lated genera among the ostertagiines but remains to be evalu-
ated. An accurate definition of diversity, including reliable tax-
onomy encompassing morphological and molecular criteria ex-
tending to population genetics, in conjunction with 
comprehensive data for host and geographic distributions, are 
the cornerstones for understanding epizootiolgy and patterns of 
emerging disease across a mosaic of rapidly changing environ-
ments and for development of efficient and robust measures for 
control of parasitism in ungulates (Hoberg, 1997; Brooks and 
Hoberg, 2000, 2006, 2007; Hoberg, Polley et aI., 2008). 
Although the global fauna and its intricate structure of en-
demic and introduced species in most biogeographic regions is 
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becoming understood (Hoberg et aI., 2004; Hoberg, Polley et 
aI., 2008), previously unrecognized genera and species continue 
to be discovered, particularly in Africa (Hoberg and Abrams, 
2008; Hoberg, Abrams, and Ezenwa, 2008). One third of known 
genera of ostertagiines are endemic to Africa; yet, comprehen-
sive surveys for many species of ungulates have not been con-
ducted, and parasitological examinations have often been based 
on relatively few hosts or have focused on relatively restricted 
geographic zones. Over the last century, however, considerable 
details of the African ostertagiine and trichostrongyloid fauna 
in both domestic and free-ranging ungulates have been revealed 
(e.g., Le Roux, 1931; Monnig, 1932; Round, 1962, 1968; Sachs 
and Sachs, 1968; Gibbons, 1974, 1977); notable here are the 
substantial body of surveys and articles addressing parasite fau-
nas among domestic and free-ranging ungulates from South Af-
rica by J. Boomker, I. G. Horak, and their colleagues and from 
eastern Africa by L. M. Gibbons and L. F. Khalil (summarized 
in Hoberg, Abrams, and Ezenwa, 2008). 
The global ostertagiine fauna currently encompasses 14 gen-
era (Hoberg and Abrams, 2008); aspects of this proposed ge-
neric taxonomy adopt components of a diversity of opinions 
presented for these nematodes over the past 70 yr (e.g., Tra-
vassos, 1937; Skrjabin et aI., 1954; Andreeva, 1956; Drozdz, 
1965; Durette-Desset and Chabaud, 1981; Durette-Desset, 
1982, 1983, 1989; Gibbons and Khalil, 1982; Jansen, 1989; 
Durette-Desset et aI., 1999). Among the ostertagiines, 8 genera 
are characterized by males in which the lateral rays of the cop-
ulatory bursa describe a 2-2-1 pattern (defined by Durette-Des-
set and Chabaud, 1981; Durette-Desset, 1983). Specifically, 
these include Africanastrongylus Hoberg, Abrams and Ezenwa, 
2008, Cervicaprastrongylus Gibbons and Khalil, 1982, Hamu-
lonema Hoberg and Abrams, 2008, Hyostrongylus Hall, 1921, 
Mazamastrongylus Cameron, 1935, Sarwaria Drozdz, 1965, 
Spiculopteragia (Orloff, 1933), and Teladorsagia (e.g., Durette-
Desset, 1983; Gibbons and Khalil, 1982; Hoberg, Abrams, and 
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TABLE I. Specimens of Robustostrongylus aferensis gen. nov. et sp. nov. and species of Longistrongylus and Pseudomarshallagia examined from 
Africa. 
Accession* 
USNPC 100000§ 
USNPC 100001 § 
USNPC 6632011 
USNPC 100002# 
USNPC 6632111 
ORC T2032 
ORC (type series) 
RYC 1586 
USNPC 81213 
BMNR 1998.11.20.312-317 
(cotypes) 
RYC 1673 
Fieldt 
BND-409 
BND-409 
BND-409 
BND-409 
BND-62 
Species 
R. aferensis 
R. aferensis 
R. aferensis 
R. aferensis 
R. aferensis 
Longistrongylus albifrontis'JI 
L. albifrontis 'JI 
L. banagiense 
L. curvispiculum** 
L. meyeri 
L. meyeri 
L. namaquensis'JI 
L. sabiett 
L. sabie'JI 
L. schrenkitt 
L. schrenkiH 
L. schrenki'JI 
L. thalae§§ 
Kobus kob 
K. kob 
K. kob 
K. kob 
Rost 
Alcelaphus buselaphus jacksoni 
Damaliscus albifrons 
D. albifrons 
Damaliscus korrigum 
Ovis aries 
Alcelaphus caama 
Gazella thomsonii 
O. aries 
Aepyceros melampus 
A. melampus 
Ourebia ourebi 
K. kob 
Locality 
Uganda 
Uganda 
Uganda 
Uganda 
Uganda 
South Africa 
South Africa 
Tanzania 
Texas. USA 
South Africa 
Kenya 
ot 
8 
4 
3 
2 
1 
5 
14 
4 
2 
4 
2 
'i't 
8 
2 
3 
3 
4 
4 
2 
ORC (type series) 
USNPC 77484 
ORC T2465 
USNPC 66325 
USNPC 66323 
ORC (type series) 
USNPC 66324 
USNPC 66327 
CIH 33581111 
L. thalae§§ 
Pseudomarshallagia elongata 
Kobus ellipsiprymnus 
A. b. jacksoni 
Redunca redunca 
O. aries 
South Africa 
South Africa 
South Africa 
Uganda 
Uganda 
South Africa 
Uganda 
Uganda 
Ethiopia 
5 
2 
* Collection and specimen numbers from the U.S. National Parasite Collection (USNPC). the British Museum of Natural History (BMNH). the Onderstepoort Hel-
minthological Collection (OHC). and the Royal Veterinary College (RVC). Collections of the RVC contain materials from Commonwealth Institute of Helminthology 
(CIH). 
t Field number at time of original collection. 
:j: Number of male and female specimens examined. 
§ Holotype male and allotype female. Originally from collections by 1. Bindernagle. 
II Paratypes. Originally from collections by J. Bindernagle. 
# Voucher specimen. 
'j[ Morphological data and line drawings from the type specimens examined by W. W. Becklund and M .L. Walker (U.S. National Parasite Collection. unpublished 
documents). Numbers of specimens examined by WWB and MLW could not be reliably determined. 
** Longistrongylus curvispiculum represents a species previously referred to Bigalkenema; material examined represent vouchers from an introduced population in 
western Texas (Craig. 1993) and was from an experimental infection in domestic sheep based on larvae recovered from Oryx biesa. 
tt Longistrongylus sabie are vouchers and represent a species previously referred to Bigalkenema. 
:j::j: Longistrongylus schrenki represents a species previously refe;;'ed to Kobusinema. Specimens are vouchers from collections by 1. Bindernagle. 
§§ Longistrongylus thalae represent voucher specimens from collections by 1. Bindernagle. 
IIII Voucher specimens are represented by 4 permanent slides deposited by M. Graber and include a male specimen with detached bursa, dissected spicules, and 2 slides 
of cross sections showing the synlophe. 
Ezenwa, 2008; Hoberg and Abrams, 2008). Among 6 remaining 
genera, a 2-1-2 bursal pattern is characteristic, being represent-
ed in species of Camelostrongylus Orloff, 1933, Longistron-
gylus Le Roux, 1931, Marshallagia (Orloff, 1933), Orloffia 
Drozdz, 1965, Ostertagia Ransom, 1907, and Pseudomarshal-
lagia (Roetti, 1941). 
In the current study, we propose establishment of a new ge-
nus among the ostertagiines to accommodate unique nematodes 
in ungulates from eastern Africa originally collected by Dr. 
John Bindernagle during the 1960s. These specimens were ini-
tially examined by W. W. Becklund and M. L. Walker at the 
U.S. National Parasite Collection in the late 1960s and early 
1970s, but definitive taxonomic decisions were not developed. 
Studies of materials in the Bindernagle Collections were reini-
tiated during broader investigations of the ostertagiines, which 
led to proposals for Africanastrongylus and Hamulonema (Ho-
berg and Abrams, 2008; Hoberg, Abrams, and Ezenwa, 2008). 
Here, we diagnose the remaining new generic-level taxon evi-
dent in these collections, and explore aspects of the history and 
distribution for ostertagiines in the African and global faunas. 
MATERIALS AND METHODS 
Specimens of a previously undescribed ostertagiine nematode includ-
ed 10 males and 9 females in a kob, Kobus kob (Erxleben), and 2 
females in a kongoni (hartebeest), Alcelaphus buselaphus jacksoni (Pal-
las), from Uganda collected by J. Bindemagle in 1964. All materials 
representing this unrecognized species and new genus are held in the 
U.S. National Parasite Collection, U.S. Department of Agriculture, 
Beltsville, Maryland (USNPC); specimens are held in vials in a solution 
of 70% ethanol with 4% formalin by volume. 
As a basis for comparisons within the Ostertagiinae, specimens of 
Longistrongylus banagiense (Gibbons, 1972), L. curvispiculum (Gib-
bons, 1973), L. meyeri Le Roux, 1931, L. sabie (Monnig, 1932), L. 
schrenki (Ortlepp, 1939), and L: thalae (Troncy and Graber, 1973) were 
examined. Observations, notes, and line drawings from morphological 
studies of the type specimens for L. albifrontis (Monnig, 1931), L. na-
maquensis (Ortlepp, 1963), L. sabie, and L. schrenki by W. W. Becklund 
and M. L. Walker (U.S. National Parasite Collection, unpublished doc-
uments) were also used in our current evaluations. A male specimen of 
Pseudomarshallagia elongata (Roetti, 1941), permanently mounted in 
glycerine jelly; transverse sections; and dissected spicules were exam-
ined. Redescriptions of P. elongata Roetti, 1941 by Graber and Delav-
enay (1978), Gibbons (1981a), and Gibbons and Khalil (1982) were 
also used for comparisons because of the unavailability of the type 
specimens or larger series of vouchers for evaluation. Specimens and 
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sources for species of ostertagiine nematodes used in comparative mor-
phological studies are listed (Table I). Specimens of Haemonchinae 
from the USNPC used in the current study are listed in Hoberg et al. 
(2004). Additionally, multiple lots of Graphidium strigosum (Dujardin, 
1845) from leporid hosts included USNPC 16895, 18065, and 66335. 
These latter specimens were necessary to establish the context for cer-
tain morphological attributes among the Ostertagiinae. 
Nematodes were prepared as temporary whole mounts cleared in phe-
nol-alcohol (80 parts melted phenol crystals and 20 parts absolute eth-
anol) and examined with interference contrast microscopy. The syn-
lophe was studied in whole mounts, with particular attention to the 
pattern of ridge systems in the cervical zone and their extent posteriad 
in males and females consistent with prior studies among the osterta-
giines (Lichtenfels et aI., 1988; Hoberg et aI., 1999). Transverse sections 
were hand cut with a cataract knife and mounted in glycerin jelly. Sec-
tions were used to examine structure and to count the number of ridges 
in a single male and female at the esophageal-intestinal junction (EIJ), 
one fourth, midbody, and three fourths of total body length as deter-
mined from the anterior. Sectioning was restricted to 2 specimens be-
cause of the limited number of worms that had been collected. Addi-
tional counts of ridges were based on reconstructions from whole-
mounted specimens. 
The male specimens were evaluated on the basis of the copulatory 
bursa, spicules, and genital cone. Bursal ray patterns were determined 
and described using the system of Durette-Desset and Chabaud (1981) 
and Durette-Desset (1983). Papillae of the genital cone and rays of the 
bursa followed the numbering system of Chabaud et al. (I 970). The 
structure of the ovejectors was evaluated based on recent definitions 
1 
S 
::t 
o 
o 
svgo 
exp 
and descriptions among related nematodes (Lichtenfels et aI., 2003). 
Owing to the difficulty in consistently discerning the division of the Cp 
sphincter region S2 from the vestibule, the anterior and posterior por-
cp 
tions of the vestibule, relative to the vulva, and adjacent portions of the 
sphincters (S 1 and S2), were measured as a single unit. All measure-
ments are given in micrometers, unless specified otherwise. In the de-
scription and tables the sample size (n =) is followed by the range and 
mean ::': 1 SD in parentheses. 
Taxonomy for hosts follows Wilson and Reeder (1993) in all text and 
tables. Host listings have been modified from those reported in the 
original literature to reflect current use and understanding of ungulate 
taxonomy. 
RESULTS 
Field collections for survey of helminth diversity in ungulates 
from eastern Africa revealed the occurrence of abomasal nem-
atodes. Kob, and kongoni from the West Acholi District of 
Uganda, were found to be naturally infected with nematodes 
representing a previously undiagnosed genus and undescribed 
species of ostertagiine with a 2-1-2 bursal form. 
MORPHOLOGICAL DIAGNOSIS AND DESCRIPTION 
Robustostrongylus gen. nov. 
Diagnosis: Ostertagiinae: Trichostrongyloidea. Small uncoiled nem-
atodes with robust, stout body of large diameter, tapering bluntly in the 
cephalic and caudal extremities. Cephalic vesicle well developed. Syn-
lophe bilaterally symmetric, with robust, knob-like ridges, parallel to 
slightly tapering in cervical region, extending to caudal extremity. Cer-
vical papillae miniscule, thorn-like; along with excretory pore situated 
in posterior half of esophagus. Esophageal-intestinal valve prominent, 
bilobed, with constricted, muscularized ventriculus-like base. Males 
monomorphic. Bursal structure 2-1-2, symmetrical, membrane lacking 
cuticular bosses. Rays 2/3 parallel throughout length, Rays 3 massive 
with inflated tip relative to Rays 2; thickness of Rays 3 equal to or 
exceeding that of Rays 4. Rays 5/6 narrow, divergent distally. Acces-
sory bursal membrane reduced containing widely spaced, divergent pa-
pillae "7." Rays 8 with massive bases, with distal tips curved mediad. 
Dorsal lobe laterally inflated, disposed ventrally to Rays 8, containing 
reduced, narrow dorsal ray with distal bifurcation; branches terminating 
in Rays 9/10. Females amphidelphic with transverse vulva near 70% of 
elJ 
v L 
FIGURE 1. Robustostrongylus aferensis gen. nov. et sp. nov., show-
ing structure of synlophe in ventral (V) and lateral (L) views based on 
line drawings from a female paratype. Note parallel to weakly tapering 
pattern laterally, and positions of the orifices of the subventral glands 
(svgo), excretory pore (exp), cervical papillae (cp), and esophageal-
intestinal junction (eij). 
body length from anterior, lacking cuticular fans or inflations; ovarian 
tracts highly convoluted, spiraled around intestine. 
Taxonomic summary 
Type species: Robustostrongylus aferensis gen. nov. et sp. nov. 
Hosts: Kobus kob (Erxleben) (type) and kongoni or hartebeest, Al-
celaphus buselaphus jacksoni (Pallas). 
Robustostrongylus aferensis sp. nov. 
(Figs. 1-35) 
General description: Trichostrongyloidea, uncoiled, straight, maxi-
mum diameter near midbody, 220 in males and 295 in females. Cephalic 
vesicle present as bipartite expansion; anterior-most portion strongly 
annulated. Cuticle with well-developed synlophe, lacking gradient, with 
perpendicular orientation; maximum number of ridges, 54, at esopha-
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32 
inf 
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t mi r -
ith bulb-
geal-intestinal-junction (Ell). Nerve ring (NR) and orifices of the sub-
ventral glands (SVGO) adjacent, in anterior third of cervical region. 
Cervical papillae (CP) miniscule, thorn-like, situated posterior to level 
of excretory pore (EXP). Position of CP and EXP substantially distal 
to SVGO, in posterior half of esophagus. Cuticular ornamentation at 
level of EXP lacking. Esophagus well developed, maximum diameter 
attained in slightly broadened, bulb-like base; esophageal-intestinal 
valve (EIV) prominent, bilobed, constricted, ventriculus-like, with 
oblique musculature. Males and females monomorphic. 
Synlophe: Bilaterally symmetrical synlophe similar in males and fe-
males. Ridges notably robust, blunt, knob-like in transverse sections of 
body. Cervical zone (n = 6) with 24-30 ridges extending to level of 
cephalic expansion increasing to (n = 7) 42-54 ridges at Ell. Laterally, 
cervical synlophe parallel in appearance, overall consistent with Type 
II pattern; in 8 of 22 lateral fields examined in 14 specimens, 1 ridge 
pair or partial ridge pair terminates in cervical region. 3-5 (n = 4) 
ridges continuous in each sub-lateral/ventral field. CP adjacent to lat-
eral-most ridge in right and left fields. Ventral/dorsal ridge systems par-
allel, consistent with Type A pattern; crossovers of ventral ridges pres-
ent or absent. Lateral ridges (n = 6) and 5 of 6 dorsal-most ridges 
extend anteriad to level of cephalic expansion. In males and females, 
in anterior half of body posterior to cervical zone, ridges in lateral fields 
initially terminate sequentially adjacent to single lateral-most ridge (n 
= 5) 46-54% (48 ::':: 3%) and 29-38% (33 ::':: 4%) of total length from 
anterior respectively. In midbody transverse sections (I male and 1 fe-
male, respectively) 36 and 37 ridges; in third quarter, 36. In females 
synlophe extends to anus dorsal/ventrally, may extend beyond anus lat-
erally. In males ridges terminate laterally at the prebursal papillae 
(PBP); dorsal/ventraJly at 38-75 anterior to the PBP. 
Male: SmaJl nematodes with prominent copulatory bursa; discrete 
fields of bursal bosses lacking. Total length (n = 10) 6,438-7,560 (6,957 
::':: 368); maximum width (n = 10) 165-220 (194::':: 16) attained at 34-
69% of body length measured from anterior; ratio of total body length: 
maximum width I :34-39. Esophagus (n = 10) 570-660 (616 ::':: 28) 
long; 8.1-9.9% of total body length. Valve at EIJ cylindrical, bilobed, 
ventriculus-like, longer than wide, (n = 10) 68-75 (70 ::':: 2) in length 
by (n = 10) 52-65 (58 ::':: 4) in maximum width. Cephalic vesicle (n 
= 8) 72-108 (91 ::':: 10). SVGO (n = 10) 215-330 (264 ::':: 33), NR (n 
= 10) 232-298 (280 ± 20), EXP (n = 10) 295-362 (343 ::':: 21), and 
CP (n = 10) 325-402 (376 ::':: 21) from cephalic extremity; position of 
EXP at 53-60% and CP at 55-65% of esophageal length from anterior. 
Copulatory bursa symmetrical, of type 2-1-2; lacking bosses, complex 
vermicular-ridges along margin on inner surface of bursal membrane. 
Rays 2/3 curved, congruent along entire length, extending to margin of 
bursal membrane; Rays 3 massive relative to Rays 2, thickness of Rays 
3, with expanded distal tip, equal to or exceeding that of Rays 4. Rays 
5/6 narrow, parallel throughout length, gradually divergent distally. 
Rays 8, slight, curved dorsally, extending to margin of bursa. Dorsal 
ray narrow with parallel margins, relatively short (n = 8) 42-48 (44 ::':: 
2) with initial bifurcation (n = 7) 67-76 % of total length from base. 
Papillae "9/10" on bifurcate distal tips of dorsal ray. Dorsal lobe re-
duced, laterally inflated, substantially exceeds width of dorsal ray; dis-
posed ventrally to Rays 8. Genital cone with weakly developed pro-
conus; prominent, arcuate, paired "0" papillae with bulbous distal ex-
pansions positioned posterior to proconus on ventral aspect of cloaca. 
Accessory bursal membrane (ABM) inconspicuous in dorso-ventral 
view; reduced in length, laterally expanded with delicate papilliform 
margin and widely divergent, filamentous papillae "7." Cloaca with 
telamon and cuticularized support structures surrounding orifice. Spic-
ules equal in length (n = 10) 162-178 (171 ::':: 5) with trifurcation 78-
82% of total length from anterior. In lateral view, spicules narrow and 
filamentous, strongly curved, with bend at mid-length. Dorsal and ven-
tral processes of spiCUles near equal length; dorsal process simple, spat-
ulate in dorso-ventral view, weakly curved in lateral view, tapering to 
acute point; ventral process straight, with bend near acutely pointed, 
narrow, distal tip; main shaft tapering to blunt point, with weakly de-
veloped hyaline foot. Well-developed membranes envelop all processes 
of spicules. Gubernaculum cryptic, shield-like, weakly heart-shaped, 
strongly granular in dorsal/ventral view, tapering distally, maximum 
width (n = 5) 25-26 (25 ::':: 0.4); laterally with pronounced bend anterior 
to distal tip, total length (n = 5) 50-61 (52 ::':: 2). 
Female: Small nematodes lacking prominent cuticular ornamentation 
other than synlophe. Total length (n = 10) 8,585-11, I 07 (9,969 ::':: 748); 
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maximum width (n = 10) 248-295 (275 ::':: 14) attained 29-67% of body 
length measured from anterior; ratio of total body length:maximum 
width I :32-40. Cephalic vesicle (n = 10) 82-112 (100 ::':: II). Esopha-
gus (n = 10) 595-750 (672 ::':: 45) long; 6.1-7.5% (6.8 ::':: 0.5) of total 
body length. Valve at EIJ, ventriculus-like, bilobed, (n = 11) 70-82 (77 
::':: 3) long, (n = 11) 62-72 (68 ::':: 3) in maximum width. SVGO (n = 
8) 258-308 (282 ::':: 16), NR (n = 10) 258-338 (301 ::':: 21), EXP (n = 
9) 342-392 (371 ::':: 16), and CP (n = 10) 358-442 (404 ::'::26) from 
cephalic extremity; position of EXP at 51-60% and CP at 54-68% of 
esophageal length from anterior. Ovaries didelphic, amphidelphic, 
strongly convoluted, spiraled around intestine. Vulva opens as ventral 
transverse slit (n = 10) 68-75% (72 ::':: 2.0) of body length from ante-
rior; cuticular inflations and fans absent; synlophe modified as plate-
like structures posterior to vulva. Peri vul var pores bilateral, located pos-
tero-lateral to vulva in subventral fields. Anterior infundibulum (n = 
11) 262-345 (299 ::':: 27), anterior sphincter and vestibule, including S I 
and S2, (n = 11) 170-300 (238 ::':: 38). Posterior infundibulum (n = 
11) 250-302 (282 ::':: 18), posterior sphincter and vestibule, including 
SI and S2, (n = 11) 180-248 (216 ::':: 21); length of anterior vestibule 
> posterior vestibule. Total ovejector length (n = 11) 938-1,137 (1,036 
::':: 67). Eggs ovoid, with thin shell, (n = 60 in 6 specimens) 51-80 (62 
::':: 12) long by 30-42 (36 ::':: 7) wide; oriented in single or double rows 
in anterior and posterior uterine limbs. Tail conical (n = 11) 132-218 
(172 ::':: 21), bluntly rounded at caudal extremity, with weak annulations 
present distal to synlophe termination. 
Taxonomic summary 
Host: Kobus kob (Erxleben), type host. Other recognized hosts in-
clude kongoni or hartebeest, Alcelaphus buselaphus jacksoni (Pallas). 
Locality: Type locality: In type host from West Acholi District, Ugan-
da; ca. 02°45'N, 032°IO'E. Currently unknown from other localities. 
Specimens: Holotype male, USNPC 100,000 and allotype female, 
USNPC 100,001 in type host from type locality. Paratypes from type 
locality include (1) USNPC 66320, 8 males and 8 females in K. kob; 
and (2) USNPC 66321, 2 female nematodes in A. b. jacksoni. One male 
voucher in K. kob was excluded from the type series because it was 
damaged; originally under USNPC 66320, it is now under USNPC 
100,002. 
Etymology: Robustostrongylus is a compound name derived from the 
Latin "robustus" for strong or robust and the Greek "strongylus" de-
noting a roundworm. The species "aferensis" is derived from the Latin 
"afer" for African. Thus, R. aferensis for a robust, cigar-like nematode 
from Africa. 
Remarks 
Affiliation of Robustostrongylus gen. nov. within the Ostertagiinae, 
is based on putative synapomorphies for the subfamily. Attributes which 
diagnose a relationship within the ostertagiines include trifurcate spic-
ules with a characteristic ostertagiine window (Figs. 15, 23, 24, 27), 
paired "0" papiJlae (Figs. 19, 20), a simple accessory bursal membrane 
(Figs. 18, 21, 29), and a prominent, elongate, esophageal valve (Figs. 
10, 13) (Hoberg and Abrams, 2007; Hoberg, Abrams, and Ezenwa, 
2008). Although the ABM and ElV are modified in Robustostrongylus, 
these attributes remain consistent with the general structure seen among 
other ostertagiines. These putative synapomorphies for the ostertagiines 
are established relative to sister-taxa represented by the Haemonchinae 
(e.g., species of Haemonchus Cobb, 1898, Mecistocirrus Railliet et 
Henry, 1912, Ashworthius Le Roux, 1930) and species of Graphidium 
Railliet et Henry, 1909 as identified in prior analyses (Hoberg and Lich-
tenfels, 1994; Durette Desset et ai., 1999). 
A suite of unique characters for R. aferensis gen. nov. et sp. nov. 
relative to all ostertagiine genera is demonstrated in males and females 
by a posterior position for the EXP and CP (in the posterior 50% of 
esophageal length from the anterior and substantially distal to the 
SVGO) (Figs. 1, 10), a ventriculus-like, constricted and bilobed EIV 
with prominent oblique musculature (Figs. 10, 13), robust, domed or 
knob-like ridges comprising the synlophe (Figs. 2-9), a maximum num-
ber of ridges attained near the EIJ, the exceptionally large midbody 
diameter relative to length (e.g., in females, length:width = 1:32-40), 
and in females, the anterior position of the vulva (near 70% from the 
anterior extremity) and absence of cuticular inflations adjacent to the 
vulva (Figs. 8, 9, 32). Among all other ostertagiines across 14 genera, 
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the CP and EXP are always near the SVGO and in the anterior half of 
the esophagus; the valve at the ElI is cylindrical, never bilobed or 
constricted and lacks strongly developed oblique musculature; the syn-
lophe is composed of narrow acutely pointed ridges, and where known, 
the numbers of ridges increase posteriad to the ElI usually attaining a 
maximum near the middle third of body length, the midbody is narrow 
and not strongly inflated (in females, length:width= 1:58-107), the po-
sition of the vulva is always >80% of body length from the anterior, 
and cuticular inflations at the vulva are present in species of some gen-
era. Based on these criteria, specimens of Robustostrongylus are un-
equivocally distinct from nematodes representing all known genera of 
the subfamily. 
Specimens of Robustostrongylus further contrast with the haemon-
chines, the putative sister-group for the Ostertagiinae, and closely re-
lated species of Graphidium with respect to the synlophe, cephalic, 
esophageal and cervical characters and in the position of the vulva and 
structure of the "0" papillae (Figs. 1-13, 18-20, 32). Among haemon-
chines, the EXP and CP are situated in the anterior half of the esoph-
agus, a prominent valve is lacking at the junction with the intestine, 
and the vulva is located near 80% of body length from the anterior and 
there is a single "0" papilla. Relative to Robustostrongylus, the ridges 
of the synlophe are acutely pointed with patterns and distribution dif-
fering considerably in the Haemonchinae (Lichtenfels and Pilitt, 2000; 
Hoberg et aI., 2002). Among species of Graphidium, although the CP 
and EXP are positioned from mid-length into the posterior region of 
the esophagus, a weakly developed, ovoid valve joins the esophagus 
and intestine, the synlophe ridges are acutely pointed, the vulva (often 
with a copulatory plug) is situated near 74-85% of body length, and 
there is a single "0" papilla. Midbody diameter for haemonchines 
(length:width ratio= 1:30-54, mean = 1:45 among 6 species) and Gra-
phidium strigosum (1:28-44) overlaps with that for Robustostrongylus 
but not with other taxa within the Ostertagiinae. 
Among the ostertagiines, specimens of R. aferensis are immediately 
distinguished from nematodes in 8 genera where the lateral rays of the 
bursa are disposed in the 2-2-1 pattern (Fig. 29) (Africanastrongylus, 
Cervicaprastrongylus, Hamulonema, Hyostrongylus, Mazamastrongy-
Ius, Sarwaria, Spiculopteragia, and Teladorsagia) (Durette-Des set, 
1983; Hoberg, Abrams, and Ezenwa, 2008; Hoberg and Abrams, 2008). 
Among 6 remaining genera in which a 2-1-2 bursal pattern is charac-
teristic (Camelostrongylus, Longistrongylus, Marshallagia, Orloffia, 
Ostertagia, and Pseudomarshallagia), specimens of R. aferensis are dis-
tinguished, respectively, among these taxa by a broader suite of struc-
tural characters in addition to those previously outlined (Figs. 1-35). 
Polymorphism for males is apparently not demonstrated in Robus-
tostrongylus, Camelostrongylus, Longistrongylus, and Pseudomarshal-
lagia; this conclusion is based on prior examinations of ostertagiine 
diversity (Hoberg and Abrams, 2008; Hoberg, Abrams, and Ezenwa, 
2008). Specimens of R. aferensis contrast with those of the monotypic 
C. mentulatus (Railliet and Henry, 1909) (Figs. 1-5, 18, 21, 23-27) in 
which males of the latter are characterized by the extreme length and 
unique ornamented structure of the spicules, strongly cuticularized gu-
bernaculum, absence of a proconus, fused "7" papillae that diverge 
distally, a membranous ABM, and a dorsal lobe positioned dorsally to 
Rays 8. 
Only 1 male of P. elongata was available for study. Based on this 
specimen and on the redescriptions (Graber and Delavenay, 1978; Gib-
bons, 1981a) and as illustrated by Gibbons and Khalil (1982), in P. 
elongata the spicules are broad and thick in dorso-ventral view, and the 
alate main shaft is trifurcate near the distal end with the tips enveloped 
in a series of complex membranes. The dorsal ray and lobe are inflated 
and broad proximally, with a pronounced taper towards the distal end; 
the robust but reduced dorsal lobe is situated in a position dorsal to the 
externodorsal rays or Rays 8. These characters serve to distinguish male 
specimens of R. aferensis from the monotypic P. elongata. 
Robustostrongylus aferensis contrasts with Marshallagia, Orloffia, 
and Ostertagia in the absence of polymorphism among males; compar-
isons outlined here are in the context of major morphotypes for the 3 
latter genera (see Drozdz, 1995). Robustostrongylus further differs from 
Marshallagia based on the exceptionally long dorsal ray, filamentous 
"0" papillae, elongate filamentous "7" papillae contained in a delicate 
ABM, relatively massive spicules, and absence of a gubernaculum and 
proconus among males and the large dimensions for eggs among fe-
males that characterize species of the later genus. A reduced and inflated 
dorsal lobe and ray disposed ventrally to Rays 8 (Figs. 14-17, 31), 
reduced and laterally expanded ABM (Figs. 14, 21), arcuate structure 
of the "0" papillae (Figs. 19, 20), strongly curved or kinked spicules 
and a granular gubernaculum (Figs. 23, 26-28) distinguish R. afererisis 
from species of both Orloffia and Ostertagia; in addition, a proconus is 
lacking in species of Orloffia. 
Robustostrongylus aferensis seems most similar to species of Lon-
gistrongylus based on the reduced ABM; inflated dorsal lobe containing 
a relatively narrow dorsal ray, which bifurcates distally; the arcuate "0" 
papillae that terminate in bulbous expansions; and thin, narrow spicules 
that in some species have a characteristic bend near mid-length (Figs. 
14-27) (E. P. Hoberg and A. Abrams, unpubi. obs.). The original de-
scription of L. meyeri (type species) and diagnosis of the genus Lon-
gistrongylus was based on male and female specimens of large dimen-
sions (Le Roux, 1931). Maximum width of females for L. meyeri is 
reported as 437 /Lm; however, the length:width ratio (1:58-64) calcu-
lated from measurements for individual females in the original descrip-
tion (and from specimens attributed to this species and examined during 
the current study) is typical but at the lower range of variation among 
other ostertagiines; the CP and EXP are both in the anterior half of the 
esophagus. Le Roux (1931) described males and females as "rather long 
and thin," which differs substantially from the robust body form seen 
in specimens of R. aferensis. The valve at the ElI for L. meyeri was 
described as "not well developed," and the figure of the cervical region 
showed the esophagus lacking any basal constriction, a character con-
sistent among all species of Longistrongylus (Le Roux, 1931; Yeh, 
1956; Gibbons, 1977; E. P. Hoberg and A. Abrams, unpubi. obs.). Fe-
males were described as having ovarian tracks that spiraled around the 
intestine in a manner similar to that typical for some haemonchines. 
This pattern does not seem usual among other species now relegated to 
Longistrongylus. In type and voucher specimens attributed to L. meyeri 
that were examined during the present study (E. P. Hoberg and A. 
Abrams, unpubi. obs.), the ovarian tracks were weakly spiraled around 
the intestine, but not strongly convoluted; the disposition of the ovarian 
tracks was not addressed in redescriptions by Yeh (1956) or Gibbons 
(1977). Specimens of R. aferensis further differ from L. meyeri in the 
details of the spicules and copulatory bursa, presence of a proconus, 
position of Rays 8, the terminal bifurcation of the dorsal ray, and genital 
cone including structure and position of papillae "7" and the ABM (Le 
Roux, 1931; Gibbons, 1977). Finally, in all species of Longistrongylus 
the dorsal lobe remains dorsal to Rays 8, the bursa contains numerous 
and discrete fields of bosses, and irregular cuticular inflations occur at 
the level of the vulva (Gibbons, 1977; Hoberg et aI., 1993; Hoberg, 
Abrams, and Ezenwa, 2008). 
These attributes are in addition to the suite of characters that are 
distinct at the generic level among the ostertagiines, and as a conse-
quence Longistrongylus cannot be simply emended to accommodate 
Robustostrongylus. Resurrection of either Kobusinema Ortlepp, 1963 or 
Bigalkenema Ortlepp, 1963 for R. aferensis, both correctly reduced as 
synonyms of Longistrongylus by Gibbons (1977), also is not supported. 
Although R. aferensis can be readily distinguished from all species of 
Longistrongylus, it is apparent that these genera are likely to be closely 
related and may be sister-groups. 
Gibbons (1977) noted broad morphological variation among speci-
mens attributed to L. schrenki in species of Kobus from Uganda and 
Tanzania. These included some female nematodes in which the maxi-
mum width attained 288 (males at 216), and in which the EXP and CP 
were situated in the posterior half of the esophagus. Additionally, the 
position of the vulva in some specimens (e.g., in Kobus kob from Ugan-
da) is at 68-72% of body length from the anterior extremity. The ratio 
of total body length:maximum width could not be accurately calculated 
for these specimens, and there are ho data for the structure of the syn-
lophe, esophageal valve, or ovarian tracks. In contrast, for specimens 
representing L. schrenki, otherwise consistent with descriptions and re-
descriptions for this species (and other species of Longistrongylus avail-
able to us during the current study) (Table I), the CP and EXP were in 
the anterior half of the esophagus, the length-to-width ratio ranged from 
1:58-104, and the vulva was located between 82 and 85% of body 
length from the anterior. Consequently, it seems possible that some 
specimens relegated to L. schrenki in the revision by Gibbons (1977) 
may be attributable to Robustostrongylus and that the redescription of 
this species may have been a composite. At a minimum, this may in-
clude some female and male specimens in Kobus kob from Uganda, 
and male specimens in Kobus sp. and Kobus vardoni (Livingstone) from 
Tanzania (see Gibbons, 1977 for critical meristic data). 
DISCUSSION 
Robustostrongylus aferensis gen. nov. et sp. nov. represents 
a new ostertagiine, among those with a 2-1-2 bursal pattern, in 
which males are monomorphic. Assessment of distribution, di-
versity, and records of occurrence for ostertagiines across Af-
rica (summarized in Hoberg and Abrams, 2008; Hoberg, 
Abrams, and Ezenwa, 2008) suggests the absence of polymor-
phism among males of R. aferensis as defined for this subfamily 
(e.g., Drozdz, 1995). Across the global ostertagiine fauna, 
monomorphic males are known from 4 of 7 genera where a 2-
1-2 bursal pattern is characteristic (Camehjstrongylus, Longi-
strongylus, Pseudomarshallagia, and Robustostrongylus) and 
from 6 of 8 genera defined by a 2-2-1 bursal formula (African-
astrongylus, Cervicaprastrongylus, Hamulonema, Hyostrongy-
lus, Mazamastrongylus, and Sarwaria) (Hoberg and Abrams, 
2008). Interestingly, polymorphism seems to be most often 
manifested among ostertagiines with distributions in the Pale-
arctic and across the Holarctic, i.e., Marshallagia, Orloffia, Os-
tertagia, Spiculopteragia, and Teladorsagia. Perhaps this re-
flects an environmental component (temperature or humidity) 
in the origins and drivers that serve to maintain the balanced 
polymorphism for structurally discrete males among species 
that characterize these primarily northern or high-latitude gen-
era (Hoberg and Abrams, 2008; Hoberg, Polley et aI., 2008). 
Globally, ostertagiine faunas and more generally those of 
gastrointestinal nematodes in ungulates are defined by an intri-
cate mosaic structure composed of endemic and introduced spe-
cies (Hoberg et aI., 1999; Hoberg, Polley et aI., 2008). Among 
ostertagiines, there are 15 genera in the global fauna, with 5 
being endemic to Africa (Africanastrongylus, Hamulonema, 
Longistrongylus, Pseudomarshallagia, and Robustq,strongylus); 
although generic-level endemism is high, there are relatively 
few species limited solely to Africa (Hoberg, Abrams, and 
Ezenwa, 2008). There are 26 species partitioned in 10 genera 
that occur in African mammals and, among these, 22 species 
in 8 genera are endemic (Hoberg and Abrams, 2008; Hoberg, 
Abrams, and Ezenwa, 2008). Among those occurring in free-
ranging ungulates, most genera are monotypic, but highly dis-
crete morphologically, including Africanastrongylus (1 spe-
cies), Hamulonema (2), Longistrongylus (8), Pseudomarshal-
lagia (1), and Robustostrongylus (1). Also, 9 endemic species 
are known among Ostertagia (5), Cervicaprastrongylus (2), and 
Hyostrongylus (2), and, for the latter 2 genera, distributions 
encompass some non-ungulate hosts such as lagomorphs and 
primates, respectively (Hoberg, Abrams, and Ezenwa, 2008). In 
contrast, non-endemics, primarily associated with introduced 
and domestic ungulates, represent species that are geographi-
cally widespread around the globe, including Hyostrongylus (1), 
Marshallagia (1), Ostertagia (1), and Teladorsagia (1). The 
center of diversity for the ostertagiines is outside of the African 
region, although this continent has been significant in the ra-
diation of this nematode fauna (Daubney, 1933; Hoberg, 
Abrams, and Ezenwa, 2008). 
Endemism in the contemporary fauna may be an indicator of 
the temporal duration and degree of isolation of ostertagiines 
and other gastrointestinal nematodes among African ungulates 
(Hoberg et aI., 2004). Among the Cooperiinae, another related 
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subfamily among the trichostrongyloids, there are both a high 
number of endemic genera (5 of 8, including Cooperioides 
Daubney, 1933; Impalaia Monnig, 1923; Megacooperia Khalil 
and Gibbons, 1976; Minutostrongylus Le Roux, 1936; and Or-
tleppstrongylus Durette-Desset, 1970) and some taxa, particu-
larly Cooperia Ranson, 1907, that contain numerous endemic 
species primarily associated with bovids as hosts (Gibbons 
1978, 1981 b; Gibbons and Khalil, 1982; Khalil and Gibbons, 
1976; Durette-Desset, 1983; Hoberg and Lichtenfels, 1994; 
Durette-Desset et aI., 1999). Haemonchinae (specifically Ash-
worthius, Haemonchus, and Leiperiatus Sandground, 1930) di-
versified in large part in association with ungulates in Africa 
(Gibbons, 1979; Hoberg et aI., 2004) and collectively with 
Cooperiinae must be regarded as a strongly tropical-adapted 
fauna (Hoberg, Abrams, and Ezenwa, 2008). 
Parallel radiations in Africa are postulated for some osterta-
giines, cooperines, and haemonchines, although it is not clear 
whether periods of diversification across these disparate nem-
atode taxa and their artiodactyl hosts were congruent on spatial 
and temporal scales (Hoberg et aI., 2004; Marcot, 2007; Ho-
berg, Abrams, and Ezenwa, 2008). Diversification in Haemon-
chus was associated with successive waves or episodes of biotic 
expansion by ungulates from Eurasia into Africa and sequential 
host switching by nematodes extending since the Miocene 
(Hoberg et aI., 2004). Radiation among parasite groups coin-
cided with periods of ecological perturbation and variation in 
climate which influenced ecological structure for artiodactyl 
faunas in Africa during the late Tertiary (Vrba, 1985, 1995; 
Vrba and Schaller, 2000). Host switching beyond ungulates is 
also seen among the Cooperiinae (in Bathyergidae for Ortlepp-
strongylus; in Lagomorpha for some Impalaia) and also among 
Ostertagiinae (Cervicaprastrongylus in Lagomorpha; Hyostron-
gylus in Pongidae) in Africa. Such distributions are indicative 
of colonization events involving mammalian groups occupying 
habitat and in sympatry with artiodactyls, and ecological struc-
ture promoting host switching (Hoberg and Brooks, 2008). 
Geographic and host colonization are emerging as primary 
mechanisms involved in diversification of complex host-para-
site assemblages (Hoberg and Brooks, 2008). Ecological per-
turbation driven by episodic variation in climate was an im-
portant determinant for biotic expansion, isolation, and devel-
opment of faunal associations across sub-Saharan Africa since 
the Miocene. These processes that have functioned in evolu-
tionary time continue to be manifested in shallow ecological 
time where a breakdown in ecological isolation leads to expan-
sion of invasive species and emergence of disease in contem-
porary systems involving both free-ranging and domestic un-
gulates (Hoberg, 1997; Brooks and Hoberg, 2006, 2007). Trop-
ical-adapted faunas, including haemonchines, cooperiines, and 
some ostertagiines have been introduced or translocated with 
ungulate hosts around the w·orld. In temperate to boreal lati-
tudes, current regimes for global warming and alteration in pre-
cipitation are predicted to be associated with novel patterns of 
host and geographic associations for this fauna, potentially driv-
ing the emergence of disease (Hoberg, Polley et aI., 2008). 
Thus, knowledge of biodiversity extending from species to pop-
ulation structure is critical, particularly when explored in the 
context of historical determinants that may either limit or serve 
to promote expansion by an array of pathogens into new geo-
graphic settings and host groups. 
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A NEW TREMATODE (DIGENEA: MESOTRETIDAE) FROM THE HORSESHOE BAT 
RHINOLOPHUS FERRUMEQUINUM (CHIROPTERA: RHINOLOPHIDAE) IN CHINA 
Jin-you Ma, Van Vu*, and Wen-feng Peng 
Parasitology Research Laboratory, School of Life Sciences, Xiamen University, South Siming Street 422, Xiamen, Fujian 361005, P.R. China. 
e-mail: marsjy72@hotmail.com 
ABSTRACT: A new species of Mesotretes (Trematoda: Mesotretidae) parasitizing the small intestine of Rhinolophus ferrume-
quinum was obtained by the examination of 48 bats collected from 4 localities in Henan Province, China, from August 2003 to 
January 2005, This species, Mesotretes fiyuanensis n, sp" is similar to Mesotretes orienta lis and Mesotretes hangzhouensis, but 
mainly differs from them in the ratio of the oral sucker and the ventral sucker, and the distance of the intestinal bifurcation from 
anterior edge of acetabulum, as well as from the former in the extension of the vitellarium, Mesotretes jiyuanensis n, sp. differs 
from Mesotretes peregrinus chiefly in the shape of the testes and the distribution of cuticular spines, The ratio of the oral sucker 
and the ventral sucker in this species also differs from that of M, peregrinus, 
Mesotretes was established by Braun, 1900, with Mesotretes 
peregrinus Braun, 1900, as the type species, Species of Meso-
tretes are parasites of bats, Until now, only 3 species have been 
described in this genus, 2 of which are from China (Yamaguti, 
1971; Sun and Jiang, 1987; Sun et aI., 1988), This may be due 
to host specificity and the narrow geographic distribution of 
some species and, accordingly, the difficulty with which they 
could be obtained and examined, 
In China, the diversity of bats is relatively large, with 11.1 % 
of the world's described species present (Zhang et aI., 2005), 
Furthermore, some of the species possess colossal popUlation 
sizes, providing favOl;able opportunities for the establishment 
and transmission of digenetic trematodes, Accordingly, several 
comprehensive studies have been undertaken on the trematodes 
of bats in China (Chen, 1954; Gong, 1964; Wang and Zhou, 
1989; Wu, 1991), 
During an investigation on the diversity and distribution of 
horseshoe bats Rhinolophus ferrumequinum (Schreber, 1774) in 
Henan Province from August 2003, several specimens were 
necropsied and examined for trematodes, As a result of these 
necropsies, a new species of Mesotretes was discovered and is 
described herein, 
MATERIALS AND METHODS 
Forty-eight bats (R, ferrumequinum) were captured at 4 localities (Ji-
yuan City, Tongbai County, Shangcheng County, and Xinxian County) 
in Henan Province from August 2003 to January 2005, The bats in I 
locality (Jiyuan City) were necropsied and found to be parasitized by a 
new species of Mesotretes; 186 adult specimens were obtained from 13 
of 21 bats, Trematodes were removed and washed in 0,85% saline so-
lution, The anatomic structures were observed with the live specimens 
using an Olympus microscope. Several trematodes were fixed for 5 min 
in 2% formalin and 5% formalin on a glass slide under a cover slip and 
then for 4 hr in 10% neutral formalin (including I % anhydrous calcium 
chloride), The fixed specimens were washed with water for 6 hr and 
subsequently stored in 70% ethanol until used, Specimens were stained 
with borax carmine overnight, then dehydrated in a graded series of 
alcohols for 30 min, cleared twice in xylene for 40 min, and mounted 
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on glass slides in neutral balsam, All measurements are in mill imeters 
unless stated otherwise, Drawings were made with the aid of an Opton 
microprojector, The description of this species was based on 13 speci-
mens. 
DESCRIPTION 
Mesotretes jiyuanensis n. sp. 
(Figs. 1-3) 
Diagnosis: Body lanceolate in shape, but somewhat rounded at an-
terior extremity and pointed at posterior extremity. Body length 4,21 ± 
0.63 (3.17-4.95). Maximum width 0.88 ± 0,10 (0.74-1.02), corre-
sponding to cirrus sac level. Ratio of length and maximum width is 
4.73 ± 0,57:1 (4,27-5,92:1). Tegument entirely covered with small, 
densely arranged spines, which gradually diminish just posterior to tes-
tes. Size of spines 3-5 /-Lm. 
Both suckers unevenly round; oral sucker smaller than acetabu-
lum, Oral sucker with slightly elongated mouth, sub-terminal, mea-
suring 0.25 ± 0.02 X 0,26 ± 0.02 (0.22-0,28 X 0,24-0,32); acetab-
ulum 0,39 ± 0,05 X 0.40 ± 0.05 (0,31-0.47 X 0.31-0.47), Oral! 
ventral sucker ratio 1: 1.49 ± 0,05 (1: 1 ,25-1,61), Distance of anterior 
edge of ventral sucker to anterior extremity 1.38 ± 0,24 (l ,03-1. 77); 
distance of posterior edge of ventral sucker to posterior extremity 
2.44 ± 0.38 (1.83-2.99). Pharynx oval in shape, 0,11 ± 0,01 X 0,13 
± 0,02 (0,09-0,12 X 0,10-0,17), but pre-pharynx indistinct. Esoph-
agus variable in length, measuring 0.15 ± 0.05 (0.09-0,23), Length 
between posterior edge of intestinal bifurcation and anterior edge of 
acetabulum 0,79 ± 0,13 (0,56-0,97), Intestinal ceca extends to near 
posterior extremity of body, 
Two testes medium in size, elongate to oval in shape, located pos-
terior to acetabulum, Testes tandem or slightly oblique, but not over-
lapping, Posterior testis slightly larger than anterior. Anterior testis 0,51 
± 0,06 X 0.32 ± 0,05 (0.40-0.60 X 0.25-0,36); posterior testis 0.57 
± 0.09 X 0,35 ± 0,05 (0.47-0,71 X 0.28-0.43), Cirrus sac with long 
seminal vesicle; claviform in shape, Seminal vesicle well developed, 
bipartite. Cirrus sac curves from dorsal side, located midway between 
acetabulum and anterior testis, 0,64 ± 0.12 X 0,14 ± 0.02 (0,52-0,83 
X 0,10-0,18) in length, open into genital pore together with distal end 
of uterus. No distinct pars prostatic a or cirrus organ observed, but uni-
cellular glands usually seen along ejaculatory duct. Genital pore ventral, 
located between acetabulum and anterior testis, 
Ovary oval in shape, located immediately behind posterior testis 
or slightly overlapping posterior border of posterior testis, measuring 
0,27 ± 0,04 X 0,17 ± 0,03 (0,23-0,35 X 0,13-0.23). Distance of 
ovary from posterior end 0,86 ± 0,20 (0,60-1,28), 20.48 ± 4,01 % 
(15.64-29.49%) of total body length, Laurer canal and true seminal 
receptacle absent, but with uterine seminal receptacle, Ootype and 
Mehlis' gland situated immediately posterior to ovary, Uterus with 
medium-size eggs in mature specimens, occupying most post-ovar-
ian interceca, Descending parts of uterus reach to near posterior end 
of body from ovary, ascending ones extend ventral to ovary, passing 
FIGURE 1. Mesotretes jiyuanensis n. sp. from Rhinolophus ferru-
mequinum (ventral view); scale bar = 1.0 mm. 
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midway between testes with small loops. Vitellarium well devel-
oped, consisting of a field of small vitelline follicles on either side 
of body. Vitelline fields unite in anterior to acetabulum and toward 
posterior extremity of body; anterior limit usually located at intes-
tinal bifurcation, sometimes extending to pharynx. Eggs oval, 61.75 
:!: 3.12 X 41.21 :!: 1.85 fLm (56.64-70.80 X 36.58-46.02 fLm). Ex-
cretory bladder small, situated in posterior end of body. Excretory 
pore terminal and surrounded by small sphincter. 
Taxonomic summary 
Type host: Rhinolophus ferrumequinum (Schreber, 1774). 
Site of infection: Intestine. 
Type locality: Artificial tunnel (35°15'N, 1 12°06'E; Altitude: 545 m), 
Jiyuan City, Henan Province, China. 
Prevalence and mean intensity: 61.90% (13/21) and 14.31 (186/13) 
individuals, respectively. 
Specimens deposited: Holotype (XPM 030507) and paratypes (XPM 
030513-030521) in the Parasitology Research Laboratory, Xiamen Uni-
versity, P.R. China. 
Etymology: The species name was derived from the locality where 
this new species was collected. 
Remarks 
Of the 4 localities in Henan Province investigated, 13 bats at only 1 
site (Jiyuan City) were parasitized by the trematode, M. jiyuanensis. 
Although the prevalence and mean intensity of this trematode is high, 
its distribution was confined to Jiyuan City, Henan Province. 
Mesotretes jiyuanensis exhibits characters of the genus, i.e., an elon-
gate body is covered with cuticular spines and simple ceca reach to 
posterior extremity. The acetabulum is moderately large in anterior half 
of the body. Testes are tandem, occupying the median field of the great-
er middle portion of hindbody. The claviform cirrus pouch lies between 
acetabulum and anterior testis. The median genital pore is posterior to 
the acetabulum. The ovary is oval in shape and located at posterior end 
of the posterior testis. Vitellaria occupy nearly all of the available space 
in the hind body. The uterus consists of descending and ascending 
limbs, reaching to near the posterior end (Yamaguti, 1971). 
Measurements of M. jiyuanensis specimens do not agree with any 
previously reported species of Mesotretes from the intestines of bats. 
The new species differs from M. peregrinus, the type species, mainly 
in the shape (sausage-shaped) and the size of the testes. In addition, the 
distribution of the cuticular spines is also distinctly different from M. 
peregrinus (approximately 4/5 of the body). Mesotretes jiyuanensis is 
very similar to Mesotretes orientalis and Mesotretes hangzhouensis 
from China (Sun and Jiang, 1987; Sun et ai., 1988); however, the new 
species clearly differs from M. orienta lis in the ratio of the oral sucker 
(0.22-0.28 X 0.24-0.32 vs. 0.07-0.08 X 0.08-0.11) and the ventral 
sucker (0.39 X 0.40 vs. 0.15-0.17), the extension of the vitellarium 
(anterior limit at the acetabulum level), and the distance of the intestinal 
bifurcation from the anterior edge of the acetabulum. Mesotretes jiyu-
anensis can be distinguished from M. hangzhouensis by the size and 
the ratio of the oral sucker (0.22-0.28 X 0.24-0.32 vs. 0.135-0.170 X 
0.129-0.156) and the ventral sucker (0.31-0.47 X 0.31-0.47 vs. 0.114-
0.185 X 0.128-0.199), and the distance of the intestinal bifurcation 
from the anterior edge of acetabulum. 
DISCUSSION 
The relevant morphologi.cal description of the excretory blad-
der of Mesotretes species was not reported in monographs pub-
lished by Yamaguti (1958, 1971). However, Odening (1969) 
described the excretory bladder of M. peregrinus as being a 
small, sac-like structure, although Sun and Jiang (1987) and 
Sun et al. (1988) indicated that the excretory bladder of M. 
hangzhouensis and M. orientalis was a short, V-shaped structure 
with short arms. When observing specimens in the present 
study, the excretory bladders were actually very tiny, sac-like 
structures without arms. The morphology of the excretory blad-
der in this species is consistent with the description of Odening 
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FIGURE 2. Cirrus sac and distal end of uterus (lateral view); scale bar = 0.2 mm. 
(1969). Both longitudinal and cross sections of M. jiyuanensis 
stained in H&E further verified the morphological structure of 
the excretory bladder. 
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TWO NEW SPECIES OF PHILOMETRIDS (NEMATODA: PHILOMETRIDAE) FROM MARINE 
FISHES OFF SOUTH CAROLINA 
Frantisek Moravec and Isaure de Buron* 
Institute of Parasitology. Biology Centre of the Academy of Sciences of the Czech Republic. Branisovska 31, 37005 Ceske Budejovice. Czech 
Republic. e-mail: moravec@paru.cas.cz 
ABSTRACT: Two new species of philometrid nematodes, Philometra gymnothoracis n. sp. and Philometroides marinus n. sp., are 
described from female specimens collected from the body cavity of the spotted moray, Gymnothorax moringa (Cuvier) (Mu-
raenidae, Anguilliformes). and the cobia, Rachycentron canadum (Linnaeus) (Rachycentridae, Perciformes), respectively, from 
off the Atlantic coast of South Carolina. Philometra gymnothoracis n. sp. is mainly characterized by the conspicuously depressed 
mouth, the presence of 8 small cephalic papillae arranged in 4 submedian pairs, the esophagus with an anterior bulbous inflation, 
2 small papilla-like caudal projections, the body length of the gravid female 435-760 mm, short ovaries, the length of larvae 
from the uterus 474-544 J-Lm, and by the location in the host (body cavity). Philometroides marinus n. sp. differs from its 
congeners parasitizing marine and brackish water fishes mainly in having small cuticular bosses only on the anterior part of the 
body; in possessing 4 markedly large cephalic projections, each with 2 minute papillae, 2 large caudal projections, and in the 
location in the host (body cavity); the body length of subgravid and gravid females is 130-550 mm and that of larvae from the 
uterus 600-642 J-Lm. 
Despite that philometrid nematodes (Philometridae) are usu-
ally pathogenic parasites occurring frequently in commercially 
important wild or cultured fish hosts (Moravec, 2006), the fauna 
of these nematodes parasitizing marine and brackish water fish-
es in the western North Atlantic is little known. In total, 13 
species (12 of Philometra Costa, 1845 and 1 of Philometroides 
Yamaguti, 1935) have so far been reported from this region 
(Moravec, 2006; Moravec and Salgado-Maldonado, 2007; Mor-
avec, de Buron et al., 2008; Moravec, Crosby et al., 2008), but 
records of some of them are probably based on misidentifica-
tions (see Petter and Radujkovic, 1989; Moravec, 2006). 
During recent investigations into the parasites of fishes of 
South Carolina, seveml species of freshwater, brackish water, 
and marine fishes were found to harbor philometrid nematodes 
parasitizing a diversity of organs. Results of the taxonomic 
evaluation of these parasites from freshwater centrarchids (Le-
pomis auritus (Linnaeus), L. macrochirus (Rafinesque), Mi-
cropterus salmoides (Lacepede», and some brackish water and 
marine fishes (Cynoscion nebulosus (Cuvier), Micropogonias 
undulatus (Linnaeus), Mycteroperca phenax (Jordan and 
Swain), Paralichthys lethostigma Jordan and Gilbert, Pomato-
mus saltatrix (Linnaeus» have recently been published (Mora-
vec and de Buron 2006; Moravec, de Buron, and Roumillat, 
2006; Moravec, de Buron et al., 2008; Moravec, Crosby et aI., 
2008). Two additional new philometrid species have been found 
in the recently examined spotted moray, Gymnothorax moringa 
(Cuvier) (Muraenidae), and cobia, Rachycentron canadum (Lin-
naeus) (Rachycentridae), which are described herein. 
Gymnothorax moringa (maximum body length 200 cm, 
weight up to 2.5 kg) is a subtropical marine fish distributed in 
the western and eastern Atlantic, whereas R. canadum (up to 
200 cm and 68 kg) is a marine and brackish water commercial 
and game fish with a worldwide distribution in tropical and 
subtropical waters except for the eastern Pacific (Froese and 
Pauly, 2008). 
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MATERIALS AND METHODS 
Spotted morays were collected via Florida traps. Cobias were col-
lected by recreational fishermen. Specimens of both species were trans-
ported on ice to the laboratory in Charleston, South Carolina, to be 
examined. The nematodes recovered were washed in physiological sa-
line and then fixed in hot 4% formaldehyde solution in saline. For light 
microscopy, the nematodes were cleared with glycerin. Drawings were 
made with the aid of a drawing attachment (Carl Zeiss, Jena, Germany). 
Specimens used for scanning electron microscopy were post-fixed in 
1 % osmium tetroxide (in phosphate buffer), dehydrated in a graded 
acetone series, critical point-dried, and sputter-coated with gold; they 
were examined using a JSM-7401F scanning electron microscope 
(JEOL, Tokyo, Japan) at an accelerating voltage of 4 kV. All measure-
ments are in micrometers unless otherwise indicated. The names of 
fishes follow FishBase (Froese and Pauly, 2008). 
DESCRIPTIONS 
Phi/ometra gymnothoracis n. sp. 
(Figs. 1. 2) 
Gravid female (2 specimens; measurements of holotype in parenthe-
ses): Body of fixed specimen brown-colored, only its anterior (esoph-
ageal part) and posterior ends yellowish, filiform, 435 (760) mm long, 
maximum width 1.46 (2.38) mm; width of cephalic end 449 (612), 
width of caudal end 544 (748); posterior part of body narrower than 
anterior part. Cuticle smooth. Maximum widthllength ratio of body 
1:299 (1:319). Anterior end of body rounded, with considerably de-
pressed mouth. Cephalic papillae small, indistinct using light micros-
copy. Oral aperture oval, surrounded by 4 submedian pairs of cephalic 
papillae; papillae of internal circle and amphids not observed. Esoph-
agus narrow, somewhat swollen near mouth to form bulb 163 (204) 
long and 231 (245) wide, not distinctly separated from posterior cylin-
drical part of esophagus. Esophagus 2.18 (2.61) mm long, representing 
0.5 (0.3)% of body length; maximum width of its cylindrical part 190 
(204). Esophageal gland, moderately developed, containing large cell 
nucleus at about its middle, extending from level of nerve ring to end 
of esophagus; cell nucleus 1.18 mm from anterior extremity in smaller 
specimen. Nerve ring 490 (585) from anterior end of body. Small ven-
triculus 54 (54) long and 122 (136) wide. Esophagus opens into intes-
tine through distinct valve. Intestine straight, dark-brown, ending blind-
ly; its posterior end atrophied, forming ligament 1.36 mm (680) long, 
attached ventrally to body wall near posterior extremity. Posterior end 
of body rounded, with 2, very small lateral papilla-like caudal protru-
sions. Vulva and vagina absent. Two ovaries rather short, reflected, sit-
uated near anterior and posterior ends of body. Uterus occupies most 
of body, being filled with first-stage larvae and eggs. Larvae (n = 10) 
from uterus 474-544 long, maximum width 12-18; tail sharply pointed 
141-195 long (29-39% of body length); esophagus 141-165 long (28-
39% of body length). Intestine of larvae with dark brown granulation, 
resulting in dark coloration of uterus. 
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FIGURE 1. Philometra gymnothoracis n. sp., gravid female. (A-B) Anterior end of body, holotype and paratype, respectively. (C) Cephalic 
end, apical view (paratype). (D) Larva from uterus (paratype). (E) Caudal end, lateral view (holotype). (F) Anterior esophageal bulb (holotype). 
(G) Caudal end, lateral view (paratype). (H) Caudal papilla-like projection, lateral view (holotype). (I) Anterior esophageal bulb (paratype). (J) 
Caudal papilla-like projection, lateral view (paratype). Bars: 500 fLm (A, B, E, and G), 100 fLm (C, D, H, and J), and 200 fLm (F and I). 
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whereas P. dentieulatus possesses anteriorly protruding esophageal 
teeth. 
Cobia is the only representative of the perciform Rachycentridae 
(Nelson, 2006). Vassiliades (1982) listed an unidentified Philometra 
species from this fish host off the coast of Senegal; Parukhin (1984) 
described Philometra raehyeentri Parukhin, 1984 from the males found 
on the surface of viscera in R. eanadum and Eeheneis nauerates Lin-
naeus (Echeneidae) from the South China Sea and Monar Bay (Paru-
khin, 1984). It cannot be excluded that these philometrids were con-
specific with P. marinus (Philometra and Philometroides are indistin-
guishable on the basis of male morphology). However, until the females 
of P. raehyeentri are discovered, it is impossible to consider the nem-
atodes of the present material to be P. raehyeentri, especially when 
both forms were collected from distant geographical regions (western 
Atlantic vs. Indo-Pacific). Therefore, the present nematodes are de-
scribed as a separate species. 
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CO-DISTRIBUTION PATTERN OF A HAEMOGREGARINE HEMaL/VIA MAURITANICA 
(APICOMPLEXA: HAEMOGREGARINIDAE) AND ITS VECTOR HYALOMMA AEGYPTIUM 
(METASTIGMATA: IXODIDAE) 
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ABSTRACT: Hyalomma aegyptium ticks were collected from tortoises, Testudo graeca, at localities in northern Africa, the Balkans, 
and the Near and Middle East. The intensity of infestation ranged from 1-37 ticks per tortoise. The sex ratio of feeding ticks 
was male-biased in all tested populations. Larger tortoises carried more ticks than did the smaller tortoises. The juveniles were 
either not infested, or carried only a poor tick load. Hyalomma aegyptium was absent in the western Souss Valley and Ourika 
Valley in Morocco, the Cyrenaica Peninsula in Libya, Jordan, and the Antilebanon Mountains in Syria. Hemolivia mauritanica, 
a heteroxenous apicomplexan cycling between T. graeca and H. aegyptium, was confirmed in Algeria, Romania, Turkey, Syria, 
Lebanon, and Iran. Its prevalence ranged from 84% in Romania (n = 45), 82% in eastern Turkey (n = 28), and 82% in the area 
of northwestern Syria with adjacent Turkish borderland (n = 90), to 38% in Lebanon (n = 8) and in only 1 of 16 sampled 
tortoises in Algeria. The intensity of parasitemia in the studied areas ranged from 0.01 % up to 28.17%. The percentage of 
Hemolivia-infected erythrocytes was significantly higher in adults. All tortoises from Hyalomma-free areas were Hemolivia-
negative. Remarkably, all 29 T. graeca from Jabal DurUz (southwestern Syria) and 36 T. graeca from the area north of Middle 
Atlas (Morocco) were Hemolivia-negative, despite the fact that ticks parasitized all adult tortoises in these localities. Identical 
host preferences of H. aegyptium and H. mauritanica suggest the occurrence of co-evolution within the Testudo-Hyalomma-
Hemolivia host-parasite complex. 
Hemolivia mauritanica (Sergent and Sergent, 1904) is a het-
eroxenous haemogregarine apicomplexan that cycles between 
Testudo graeca Linnaeus, 1758 and the tick Hyalomma aegyp-
tium (Linnaeus, 1758) (Sergent and Sergent, 1904; Laveran and 
Negre, 1905). Originally, it was described from spur-thighed 
tortoise, Testudo graeca, collected in Algeria. The range of this 
haemogregarine was expected to overlap with the distribution 
area of its host species, T. graeca, despite the fact that only 
isolates collected frdm North Africa were known (Sergent and 
Sergent, 1904; Laveran and Negre, 1905; Brumpt, 1938). Since 
Brumpt, however, little information has been published about 
the exact distribution area of H. mauritanica. ,-
Hyalomma aegyptium almost exclusively infest tortoises; 
however, on occasion, other reptiles and mammals are also 
known to be infested (Hoogstraal, 1956). Specifically, species 
of Testudo are the principal hosts of the adult stages (Hoog-
straal and Kaiser, 1960; Apanaskevich 2003, 2004; SirokY et 
al., 2006). Testudo includes 5 species of predominantly herbiv-
orous land tortoises that form a monophyletic group. They in-
habit steppe and forest-steppe, as well as semi-desert and de-
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sert, habitats of the western Palaearctic realm (Ernst and Bar-
bour, 1989; Fritz and Bininda-Emonds, 2007). 
Our recent studies confirmed occurrence of Hemolivia sp. on 
T. graeca in the Balkan countries and in western Turkish An-
atolia and on Testudo marginata Schoepff, 1792 from Greece 
(Siroky et al., 2005). Moreover, Paperna (2006) found Hemo-
livia sp.-infected tortoises on the Golan Heights of the Near 
East. 
In the present paper, we report data on the occurrence of H. 
mauritanica and its vector tick H. aegyptium from previously 
poorly sampled areas over the western Palaearctic realm and 
discuss a possible co-evolution within the Testudo-Hyalomma-
Hemolivia host-parasite complex. 
MATERIALS AND METHODS 
We examined more than 400 tortoises at 48 localities from Morocco 
(April 2008), Algeria (August 2006, July 2007), Libya (April 2006), 
Romania (April 2006), Turkey (June 2007, June 2008), Syria (April 
2005, April 2007, June 2007), Lebanon (May and June 2006), Jordan 
(June 2003, April 2008), and Iran (July and August 2005). (For com-
plete sampling list, see Table I.) For the purposes of our study, these 
48 localities were grouped into the following natural geographical units: 
In northern Africa-Souss Valley (localities 1-2), Ourika Valley (loc. 
3), the area north of Middle Atlas (loc. 4-5), northeastern Algeria (loc. 
6), Cyrenaica Peninsula in Libya (loc. 7-9); in the Balkan Peninsula-
eastern Romania (loc. 10); in the Near East region-borderland in 
southern Thrkey (Antakya-Gaziantep region) and northwestern Syria 
(loc. 11-13, 21-24), Jabal an Nusayriyah (loc. 25-29), Antilebanon 
Mts. (loc. 30-31), Jabal DurUz (loc. 32-34), Lebanon (loc. 35-39), 
northern Jordan (loc. 40-41); and in the Middle East region-vicinity 
of the lake Van and Mt. Ararat in eastern Turkey (loc. 14-20), Iran 
(loc. 42-48). 
Tortoises were found by walking through the habitat and were iden-
tified to species level according to their morphological characteristics 
(Ernst and Barbour, 1989; Iverson, 1992; Fritz and Cheylan, 2001). 
Each sampled tortoise was sexed using morphological criteria for Tes-
tudo spp. (Fritz and Cheylan, 2001) and marked by temporal paint to 
prevent repeated collection. Maximum straight carapace length (SCL) 
and carapace width (CW) were measured by vernier caliper to the near-
est millimeter; body mass (BM) in g was obtained employing Pesola 
scales. Young specimens without recognizable sexual traits were con-
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TABLE I. List of sampling localities. Locality numbers correspond with those in the map (Fig. 3). 
Locality Country 
Adernine Morocco 
2 Taroudannt Morocco 
3 Tnine de I'Ourika Morocco 
4 Oulmes Morocco 
5 Fes Morocco 
6 National Park El Kala Algeria 
7 Slonta Libya 
8 Tiiknis Libya 
9 Tukrah Libya 
10 Greci Romania 
11 Antakya Turkey 
12 Hassa Turkey 
13 Bogazkerim Turkey 
14 Van Turkey 
15 Mus Turkey 
16 Igdir Turkey 
17 Aralik Turkey 
18 Hakkari Turkey 
19 Yiiksekova Turkey 
20 Semdinli Turkey 
21 Dar Taizzah Syria 
22 Qual' at Samaan Syria 
23 Cirrus Syria 
24 Kafr Takharim Syria 
25 Masyaf Syria 
26 Ayn al Bayda Syria 
27 Jourine Syria 
28 Krak des Chevaliers Syria 
29 Bmalkeh Syria 
30 Saydnaya Syria 
31 Maaliila Syria 
32 Suweida Syria 
33 Al Kafr Syria 
34 Rashiedeh Syria 
35 Saida Lebanon 
36 Jezzine Lebanon 
37 Aaitanit Lebanon 
38 Furzol Lebanon 
39 Batroun Lebanon 
40 Jarash Jordan 
41 Umm al Quttain Jordan 
42 Koheh Ghalajeh Iran 
43 Gerrni Iran 
44 Meshkinshahr Iran 
45 Manjil Iran 
46 Saghand Iran 
47 Anjir Avand Iran 
48 Shahr-e Babak Iran 
sidered as juveniles. All tortoises were released immediately afterwards 
at the location of capture. 
Ticks were collected from tortoises using tweezers, were immediately 
placed into plastic tubes containing 70% ethanol, labeled with a field 
number of the tortoise, and then transported to the laboratory for species 
determination using available keys (Feldman-Muehsam, 1948; Pomer-
ancev, 1950; Hoogstraal, 1956; Apanaskevich, 2003). Because haemo-
gregarine species are not easy to determine based solely on their gamont 
morphology (Desser, 1993), when possible, a few live ticks were col-
lected from a locality and later dissected in the laboratory to confirm 
Number of 
Altitude m sampled 
Latitude Longitude (a.s.l.) tortoises 
300 22'N 9°22'W 68 16 
300 29'N 8°52'W 242 13 
31°23'N 7°46'W 897 7 
33°26'N 6°01'W 1,153 22 
34°04'N 4°58'W 316 14 
36°50'N 8°1O'E 12 16 
32°40'N 21°47'E 781 
32°29'N 21°07'E 437 
32°31'N 200 33'E 12 1 
45°12'N 28°13'E 17 45 
36°12'N 36°1O'E 102 20 
36°48'N 36°29'E 862 20 
36°49'N 36°51 'E 692 11 
38°21'N 42°45'E 1,958 9 
38°42'N. 41°28'E 1,574 2 
39°51'N 44°04'E 860 10 
39°50'N 44°30'E 902 
37°42'N 44°01'E 1,617 2 
37°26'N 44°27'E 1,990 2 
37°21'N 44°30'E 1,717 2 
36°18'N 36°49'E 546 
36°22'N 36°51'E 298 26 
36°45'N 36°52'E 585 2 
36°07'N 36°28'E 689 14 
35°05'N 36°18'E 1,058 2 
35°02'N 36°17'E 984 13 
35°39'N 36°16'E 203 5 
34°45'N 36°17'E 578 20 
34°56'N 35°58'E 302 6 
33°41'N 36°21'E 1,310 25 
33°50'N 36°32'E 1,482 2 
32°42'N 36°34'E 1,126 9 
32°37'N 36°38'E 1,297 19 
32°40'N 36°50'E 1,450 1 
33°34'N 35°24'E 57 2 
33°32'N 35°34'E 1,140 11 
33°34'N 35°40'E 1,150 6 
33°58'N 35°56'E 1,500 4 
34°16'N 35°40'E 23 
32°16'N 35°54'E 559 
32°19'N 36°38'E 989 4 
34°16'N 47°02'E 1,561 2 
39°00'N 48°05'E 1,152 1 
38°21'N 47°47'E 2,367 3 
36°44'N 49°25'E 411 5 
32°31'N 55°14'E 1,312 
32°09'N 54°28'E 1,542 
300 07'N 55°03'E 1,834 
the presence of typical H. mauritanica sporocysts (Fig. 1) (Michel, 
1973; Siroky et al., 2004). 
Blood was collected from the dorsal coccygeal vein; blood smears 
were air-dried, fixed in absolute methanol for 5 min, and stained with 
Giemsa (diluted 1:10 in water, pH 7) for 20 min. Stained smears were 
examined using an Olympus BX 41 microscope (Olympus Corporation, 
Tokyo, Japan) at X 1,000 magnification; intensity of parasitemia was 
counted for each tortoise as the percentage of infected erythrocytes 
found in 1()4 cells. Mean, standard deviation (SD), and range were de-
rived for intensity of parasitemia. 
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or the existence of a kind of regulation at the host-parasite level 
as, for example, a balance of the immune response and infec-
tion. 
The significantly higher infestation by ticks of larger tortoises 
could be explained by the distance they move each day, which 
is greater than that of juveniles (Diaz-Paniagua et aI., 1995; 
Keller et aI., 1997). Thus, there is a higher probability for larger 
tortoises to acquire the ticks during movement and, finally, larg-
er tortoises are larger targets for ticks. 
Hemolivia mauritanica is transmitted by H. aegyptium, a tick 
with a strong preference for species of Testudo. Among them, 
T. graeca and T. marginata are the preferred hosts (Siroky et 
aI., 2006). In areas where Testudo hermanni. Gmelin, 1789 is 
the only tortoise species, H. aegyptium is absent (Kolonin, 
1983). In addition, H. mauritanica has been isolated from T. 
graeca and T. marginata, although not yet from T. hermanni 
(Siroky et aI., 2005). This matching host preference suggests 
the occurrence of co-evolution within the Testudo-Hyalomma-
Hemolivia host-parasite complex. Thus, H. mauritanica, H. ae-
gyptium, and Testudo spp. tortoises, all with large distribution 
areas, offer an excellent model for future studies focused on 
co-phylogeography and evolution at the infraspecific level. 
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Appendix 1 
Hemolivia mauritanica was confirmed from Testudo graeca 
at following localities (n = number of infected tortoises): Al-
geria-'Parc National d'El Kala' (August 2006, n = 1); Ro-
mania-Tu1cea County: Greci (April 2006, n = 38); southern 
Turkey-Antakya-Gaziantep region: Antakya (June 2007, n = 
16), Hassa (June 2007, n = 15), Bogazkerim (June 2007, n = 
11), eastern Turkey-Lake Van region: Van (June 2008, n = 9), 
Mus (June 2008, n = 2), Hakkari (June 2008, n = 2), Semdinli 
(June 2008, n = 2), Yiiksekova (June 2008, n = 2); eastern 
Turkey-Mt. Ararat region: Igdir (June 2008, n = 5), Aralik 
(June 2008, n = 1); Iran-Ardabil Province: Germi (July 2005, 
n = 2), Meshkinshahr (July 2005, n = 1); Syria-Jabal an Nu-
sayriyah: Masyaf (April 2005, n = I), Ayn al Bayda (April 
2005, n = 10), Krak des Chevaliers (April 2007, n = 14), Bmal-
keh (April 2007, n = 2); northwestern Syria-region north and 
west of Aleppo: Dar Taizzah (April 2005, n = I), Qual'at Sa-
maan (April 2005, n = II; April 2007, n = 7), Cirrus (April 
2007, n = 2), Kafr Takharim (April 2007, n = 11); Lebanon-
Jezzine (June 2006, n = 3). 
Hyalomma aegyptium was collected at following localities (n 
= number of collected ticks): Morocco-:Souss Valley: Tarou-
dannt (April 2008, n = 6); Morocco-north of Middle Atlas: 
Oulmes (April 2008, n = 217), Fes (April 2008, n = 90); AI-
geria-'Parc National d'EI Kala' (August 2006, n = 27); Ro-
mania-Tulcea County: Greci (April 2006, n = 64); southern 
Turkey-Antakya-Gaziantep region: Antakya (June 2007, n = 
305), Hassa (June 2007, n = 234), Bogazkerim (June 2007, 
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223); eastern Turkey-Lake Van region: Van (June 2008, n = 
21), Mus (June 2008, n = 5), Hakkari (June 2008, n = 5), 
Semdinli (June 2008, n = 5), Yiiksekova (June 2008, n = 5); 
eastern Turkey-Mt. Ararat region: Igdir (June 2008, n = 20), 
Aralik (June 2008, n = 1); Iran-Ardabil Province: Germi (July 
2005, n = 5), Meshkinshahr (July 2005, n = 4); Iran-Gilan 
Province: Manjil (August 2005, n = 10); Syria-Jabal Duruz: 
Suwayda (April 2005, n = 32), Al Kafr (April 2005, n = 82), 
Ar Rashiedeh (June 2007, n = 3); Syria-Jabal an Nusayriyah: 
Masyaf (April 2005, n = 10), Ayn al Bayda (April 2005, n = 
81), Jourine (April 2005, n = 19), Krak des Chevaliers (April 
2007, n = 224), Bmalkeh (April 2007, n = 10); Syria-region 
northwest of Aleppo: Qual'at Samaan (April 2005, n = 206; 
April 2007, n = 155), Cirrus (April 2007, n = 15), Kafr Tak-
harim (April 2007, n = 69); Lebanon-Saida (Achmoun Tem-
ple, June 2006, n = 5), Jezzine (June 2006, n = 65), Aaitanit 
(at Karaoun Lake, June 2006, n = 47), Furzol (Wadi al Hamis, 
June 2006, n = 19), Batroune (Moussalayah Castle, June 2006, 
n = 3). 
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A NEW HELIGMONELLID SPECIES (NEMATODA) FROM OLIGORYZOMYS NIGRIPES 
(RODENTIA: SIGMODONTINAE) IN THE ATLANTIC FOREST, BRAZIL 
Joyce G. R. Souza, Maria C. Digiani*, Raquel O. Simoest, Jose L. Luque:j:, Rosangela Rodrigues-Silva§, and Arnaldo 
Maldonado, Jr.11 
Laborat6rio de Biologia e Parasitologia de Mamfferos Silvestres Reservat6rios, Instituto Oswaldo Cruz-FIOCRUZ, Av. Brasil, 4365, 21040-900, 
Rio de Janeiro, RJ, Brazil. e-mail: maldonad@ioc.fiocruz.br 
ABSTRACT: Stilestrongylus lanfrediae n. sp. is described from the small intestine of Oligoryzomys nigripes (Cricetidae: Sigmo-
dontinae) collected in the Atlantic Forest (Rio de Janeiro State, Teres6polis, Brazil). The new species shows some similarities to 
Stilestrongylus stilesi, Stilestrongylus jreitasi, Stilestrongylus inexpectatus, Stilestrongylus moreli, and Stilestrongylus andalgala, 
but it can be distinguished from these species by the following combination of characters: 26 ridges in males and 25 in females 
at the mid-body, asymmetrical caudal bursa with a pattern of type 2-2-1, rays 6 markedly shorter than other lateral rays, rays 8 
inserted asymmetrically on dorsal trunk and shorter than other species, and a proportion of spicule length in relation to body 
length (SpUBL) of 25-29%. The new species is also distinguished from other species of Stilestrongylus by the asymmetry of 
the branches of the dorsal ray and by having the longest spicules. 
Stilestrongylus Freitas, Lent, and Almeida, 1937 (Heligmo-
nellidae: Nippostrongylinae) includes 23 Neotropical species, of 
which 22 are parasites of Sigmodontinae rodents and 1 of Hys-
tricognathi rodents (Digiani and Durette-Desset, 2007). This ge-
nus is broadly distributed across the Neotropical region (Digiani 
and Durette-Desset, 2003). 
The rice rat, Oligorizomys nigripes Olfers, 1818 (Cricetidae: 
Sigmdontinae), is frequently found in the Atlantic Forest in Bra-
zil. These rodents are numerous in disturbed and secondary 
forests and can be agricultural pests in rice fields and storage 
barns (Mattevi and Andrades-Miranda, 2006). 
During a parasitological survey of rodents in the Atlantic 
Forest, Brazil, numerous" specimens of nematodes were collect-
ed that represent a new species. This new species of Stilestron-
gylus (Trichostrongylina: Nippostrongylinae) is descljbed and 
illustrated herein. 
MATERIALS AND METHODS 
Twenty specimens of O. nigripes (males and females) were captured 
in a forest fragment at Serra dos Orgaos, Teres6polis (22°12'44"S, 
42°48'40"W), Rio de Janeiro State, Brazil, between March and October 
2005 using Sherman and Tomahawk live traps. Collection permits for 
rodents were issued by the Instituto Brasileiro de Meio Ambiente e 
Recursos Renoviiveis, Ministerio do Meio Ambiente (IBAMA no. 0681 
2005). Animals were killed with CO2 and dissected. Nematodes were 
collected from the small intestine, washed in physiologic solution, and 
fixed in hot AFA. Ten male and 10 female nematodes were cleared in 
lactophenol and examined using a Zeiss Standard 20 light microscope. 
Drawings were made with the aid of a camera lucida. Measurements 
are given in micrometers (unless otherwise stated) for holotype or al-
lotype specimens, followed by range for paratypes, with the mean in 
parenthesis. Synlophe description follows Durette-Desset (1985), and 
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terminology of the caudal bursa follows Durette-Desset and Chabaud 
(1981). The axis of synlophe orientation was characterized according 
to Durette-Dusset and Digiani (2005). Total number of ridges (dorsal! 
ventral) are given. Host nomenclature follows Musser and Carleton 
(2005). 
DESCRIPTION 
Stilestrongylus lanfrediae n. sp. 
(Figs. 1-13) 
General: Small nematodes tightly coiled in small intestine. Excretory 
pore within distal third of esophagus (Fig. 1). Deirids next to excretory 
pore (Fig. 1). Cephalic vesicle present. Triangular mouth opening in 
apical view. Two amphids, 6 internal labial papillae, 4 external labial 
papillae, and 4 submedian cephalic papillae connected to each other by 
weak arc-like cuticular structures (Fig. 2). Males and females with cu-
ticle bearing longitudinal, uninterrupted ridges appearing posterior to 
cephalic vesicle and ending just anterior to caudal bursa in males, reach-
ing posterior extremity in females. Synlophe with 23 ridges (10/13) in 
males and 25 (12/13) in females (Figs. 3, 4) at level of esophageal-
intestinal junction; 26 ridges (13/13) in males and 25 (12/13) in females 
(Figs. 5, 6) at mid-body; 23 (11/12) in males anterior to caudal bursa 
and 25 (12/13) in females anterior to vulva (Figs. 7, 8). At mid-body 
ridges slightly unequal in size with smaller ridges on ventral right and 
dorsal left quadrant (Figs. 5, 6). Double axis of orientation of ridges at 
mid-body in females: right axis inclined at 62° to sagittal axis and left 
axis at 72°. Single axis of orientation inclined at 55° to sagittal axis in 
males. Left ridge immediately ventral to axis of orientation larger than 
other ridges at esophageal-intestinal junction and at mid-body. Ridges 
of equal size just anterior to caudal bursa in males and just anterior to 
vulva in females. In males, most ridges perpendicular to body surface; 
in females, double axis of orientation with same inclination than at mid-
body. 
Male (holotype and 10 paratypes, except otherwise stated): Length 
4 [3.9-5.13 (4.42)] mm, 0.1 mm, n = 1, wide at mid-body. Cephalic 
vesicle 50 (60-70 [63]), n = 6, long and 20 [20-35 (29)], n = 8, wide. 
Excretory pore, deirids, and nerve ring situated 224 [170-290 (230)], 
n = 6,210, n = 1, and 135 [100-15& (129)], respectively, from anterior 
end esophagus 333 [300-380 (340)] long (Fig. 1). Bell-shaped caudal 
bursa, difficult to distend out, with left lobe more developed than right 
lobe, both of type 2-2-1 (Figs. 9, 10). Rays 2 and 3 long, grouped in 
V-shape. Rays 4 slightly shorter than rays 5, both divergent at extremity. 
Rays 6 short, arising at about same level than rays 3, slightly distally. 
Rays 8 asymmetrical, left ray 8 thinner than right one and both shorter 
than dorsal ray. Rays 8 arising asymmetrically on dorsal trunk, left ray 
arising more distally than right one (Fig. 11). Dorsal ray asymmetrical, 
divided at about distal third into 2 branches, left branch thicker and 
slightly longer than right one, each branch divided at tip into 2 sub-
equal branches: rays 9 (external) slightly longer than rays 10 (internal). 
Spicules alate, slightly unequal in length, 1.11 mm [0.90-1.23 (1.09)], 
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FIGURES 1-8. Stilestrongylus lan/rediae n. sp. (1) Anterior extremity, right lateral view, male. Scale bar: 50 fLm. (2) Male, head, apical view. 
Scale bar: 25 fLm. (3) Section through anterior body, at posterior esophago-intestinal junction, male. Scale bar: 25 fLm. (4) Section through anterior 
body, at posterior esophago-intestinal junction, female. Scale bar: 25 fLm. (5) Transverse section of body, at mid-body, male. Scale bar: 25 fLm. 
(6) Transverse section of body, at mid-body, female. Scale bar: 25 fLm. (7) Transverse section of body, male, just anterior to caudal bursa. Scale 
bar: 25 fLm. (8) Transverse section of body, female, just anterior to vulva. Scale bar: 25 fLm. Abbreviations: r, right; v, ventral. 
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FIGURES 9-13. Stilestrongylus lanfrediae n. sp. (9) male, bell-shaped caudal bursa, ventral view, genital cone not represented. Scale bar: lOO 
11m. (10) Male, caudal bursa after splitting of the ventral margin. Scale bar: lOO 11m. (11) Male, dorsal ray, ventral view. Scale bar: lOO 11m. (12) 
General view of male showing spicules proportion. Dorsal view. Scale bar: lOO 11m. (13) Female, posterior extremity, lateral view. Scale bar: lOO 
11m. 
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n = 9 long, and 1.0 mm [0.80-1.06 (1.08)], n = 9, representing 27.7 
(25-29%) spicule length in relation to body length (SpLIBL), ending in 
sharp tip (Fig. 12). Gubernaculum present, with 29 [17-30 (27)] long 
and 24 [24-30 (28)], n = 7, wide. Genital cone well developed with 
68 [60-80 (68)], n = 7, long and 55 [48-70 (55)], n = 7, wide. Papillae 
on genital cone not observed. 
Female (allotype and 10 paratypes, except otherwise stated): Length 
4.93 [4.3-6.0 (4.4)] mm, 0.1 [0.09--0.14 (0.12)] mm wide at mid-body 
region. Cephalic vesicle present; 60 [50-70 (62)] long, 30 [20-30 (26)] 
wide. Distance from anterior end to excretory pore and nerve ring: 210 
[190-320 (248)] and 130 [110-155 (138)], respectively. Derids not vis-
ible. Esophagus 320 [280-390 (351)] long. Monode1phic, posterior ex-
tremity strongly invaginated, with cuticular ridges reaching distal end. 
Vulva situated at 50 [35-58 (48)], n = 7, from caudal extremity, vagina 
vera 30 [20-50 (30)] long, vestibule 80 [50-100 (80)] long, sphincter 
30 [30-40 (35)] long and 10 [10-15 (12.5)] wide and infundibulum 53 
[53-79 (64)], n = 7, long, uterus 1,017 [800-1,248 (1,024)] long, num-
ber of eggs 15 [4-16 (10)], n = 4. Tail 35 [18-35 (28)], n = 7, long 
(Fig. 13). Eggs 0.07 [0.06-0.07 (0.065)] long, 0.03 [0.03--0.05 (0.036)] 
wide (Fig. 13). 
Taxonomic summary 
Type host: Oligoryzomys nigripes Olfers, 1818 (Cricetidae: Sigmo-
dontinae). Common name, rice rats. 
Type locality: Serra dos Orgaos, Teres6polis (22°12'44"S, 
42°48'40'W), Rio de Janeiro State, Brazil. 
Site of infection: Small intestine. 
Specimens deposited: Holotype male (CHIOC no. 36925a), allotype 
female (CHIOC no. 36925b), and 20 paratypes (10 males and 10 fe-
males) (CHIOC no. 35536) were deposited in the Helmintho1ogical Col-
lection of the Institute Oswaldo Cruz, Rio de Janeiro, Brazil. 
Etymology: New species is named in honor of Dr. Reinalda Lanfredi 
for her contribution to helminthology. 
REMARKS 
Durette-Desset (1971) defined Stilestrongylus Freitas, Lent, 
and Almeida, 1937 (Heligmonellidae: Nippostrongylinae), as 
including species with more than 24 cuticular subequal ridges 
in the synlophe at mid-body, a generally markedly asymmetri-
cal caudal bursa, and a hypertrophied genital cone. In contrast, 
Hassalstrongylus (Durette-Des set, 1971) was defined as includ-
ing species with 19 to 24 cuticular ridges, unequal in size, 
asymmetrical or subsymmetrical caudal bursa, and a genital 
cone that is not hypertrophied (Durette-Des set, 1971). Finally, 
it was remarked by Digiani and Durette-Desset (2007) that dif-
ferentiation of Hassalstrongylus and Stilestrongylus has become 
somewhat problematic because of the description of several 
species in which the synlophe overlap among species of both 
genera. For these species it was not possible to decide, based 
only on the synlophe, whether they belong to one genus or 
another, and, in most cases, the generic attribution was based 
on the bursal characters. The specimens studied here belong to 
a group of species in which the number of ridges of synlophe 
show characters of both genera. However, the development of 
the genital cone and the dissymmetry of the caudal bursa are 
more similar to those found in species of Stilestrongylus. The 
dissymmetry of the caudal bursa in these specimens is deter-
mined not only by a different development of the lateral lobes, 
but also by the asymmetry of the dorsal ray branches and the 
difference in size, shape, and insertion of both rays 8. In par-
ticular, this latter character is present in most Stilestrongylus 
species, including the type species Stilestrongylus stilesi Freitas, 
Lent, and Almeida, 1937, whereas no species of Hassalstron-
gylus has an asymmetrical insertion of rays 8 on the dorsal ray. 
These characters are thus considered sufficient to include the 
new species in Stilestrongylus. The main characters of the new 
species are the dis symmetrical caudal bursa with a pattern of 
type 2-2-1, marked asymmetry of rays 8, small rays 6 and dor-
sal ray asymmetrical, a large number of ridges (26 in males and 
25 in females at the mid-body), and the longest spicules in the 
genus (SpL more than 20% of BL). 
The asymmetry of the dorsal ray branches seems to be a 
unique character among Stile strongylus species, whereas the re-
maining characters are present in other species of the genus. 
Species having a pattern of type 2-2-1, asymmetrical insertion 
of rays 8, and SpLIBL greater than 20% include S. stilesi Frei-
tas, Lent, and Almeida, 1937, in Holochilus balnearum (syn. 
H. chacarius), from Argentina; Stilestrongylus freitasi Durette-
Desset, 1968, in Necromys lasiurus (syn. Zygodontomys lasi-
urus) and Cerradomys subfiavus (syn. Oryzomys subfiavus) 
from Brazil; Stilestrongylus inexpectatus Durette-Desset and 
Tcheprakoff, 1969, in Thrichomys apereoides (syn. Cercomys 
cunicularius) from Brazil; Stilestrongylus moreli Diaw, 1976, 
in Phyllotis boliviensis (syn. Auliscomys boliviensis) from Bo-
livia; and Stilestrongylus andalgala Digiani and Durette-Desset, 
2007, in Phyllotis sp. from Argentina. All these 5 species (with 
the exception of S. inexpectatus) have 26, or more, ridges in 
the synlophe and a marked asymmetry of both lobes of the 
caudal bursa. 
The new species can be distinguished from S. stilesi, S. frei-
tasi, and S. inexpectatus by having rays 2 and 3 separated in 
all their length. In addition, S. lanfrediae is differentiated from 
S. stilesi, S. freitasi, S. inexpectatus, S. moreli, and S. andalgala 
by having the shortest rays 6 and a distinct insertion, size and 
breadth of rays 8, and the highest SpLIBL. 
Thus, the presence of particular characters of the caudal bur-
sa and the SpLIBL allows us to consider the specimens from 
O. nigripes as a new species. 
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A NEW CESTODE (TETRAPHVLLlDEA: PHVLLOBOTHRIIDAE) IN ELASMOBRANCHS 
FROM THE TAIWAN STRAIT 
Ruo-han Tan, Lin Zhou, and Wen-chuan Yang* 
Key Laboratory of Ministry of Education for Coastal and Wetland Ecosystems. School of Life Sciences. Xiamen University. Xiamen. Fujian 
361005. P.R. China. e-mail: wcyang@xmu.edu.cn 
ABSTRACT: In total. 20 fanrays. Platyrhina sinensis (Rajiformes: Rhinobatidae). collected from the Taiwan Strait, were examined. 
A new phyllobothriid genus and species (Tetraphyllidea: Phyllobothriidae) was found and described. Biotobothrium platyrhina 
n. gen., n. sp. is assigned to the Rhinebothriinae Euzet, 1953, because it possesses 4 stalked bothridia that are each divided by 
septa into numerous small facial loculi but that lack apical suckers. The new genus and species is clearly different from any 
other in Rhinebothriinae in that each bothridium bears 2 sets of 5 small facial loculi, with 1 set located at each of the distal ends 
of the bothridium, rather than facial loculi throughout the entire distal surface of the bothridium, as is seen in all other genera 
in the subfamily. This character has not ,been previously reported for members of Rhinebothriinae. In addition, the testicular 
arrangement in the anterior quarter of the proglottid is unique. The posterior range of the vas deferens almost reaches the ovarian 
bridge, and the morphology of the cirrus sac and several other morphological characters are at variance with presently described 
species in the subfamily. 
To investigate the species diversity of cestodes in marine 
fishes from the Taiwan Strait, a survey was carried out from 
2003 to 2007. Twenty fanrays, Platyrhina sinensis Bloch and 
Schneider, 1801 (Rajiformes: Rhinobatidae), were examined. A 
phyllobothriid cestode representing a new genus and species of 
Tetraphyllidea was obtained, and descriptions of both are in-
cluded here. 
MATERIALS AND METHODS 
The fanrays were collected from Xiamen, Fujian, P.R. China. Live 
cestodes were fixed in hot 10% formalin buffered in seawater for 6 hr 
and stored in 10% formalin directly after fixation. The specimens were 
stained with alum carmine, dehydrated in a graded series of ethanol, 
cleared in xylene, and ~ounted on glass slides using neutral balsam. 
The specimens were eximined using light and scanning electron mi-
croscopy. Illustrations were prepared with the aid of a drawing tube. 
Measurements are given in micrometers unless specified otherwise. 
Range, mean, and standard deviation are provided for each feature re-
ported in the text. 
Some specimens were fixed in glutaraldehyde (2.5% solution in so-
dium cacodylate buffer), rinsed in sodium cacodylate buffer, dehydrated 
in an ethanol series, and dried in a Balzers Union Critical Point Dryer. 
The specimens were sputter-coated with 5 nm gold in a Balzers Union 
Sputter Coater Device and examined using a HITACHI XL30 ESEM. 
The valid scientific name of the fish host has been updated according 
to FishBase (Froese and Pauly, 2007). Some cestode and host data were 
obtained from the Host-Parasite Database of the Natural History Mu-
seum, London, U.K. (Gibson et al., 2005). 
DESCRIPTION 
Biotobothrium n. gen. 
Diagnosis: Tetraphyllidea, Phyllobothriidae. Worms euapolytic. Stro-
bila acraspedote. Scolex with 4 stalked, muscular, crumpled bothridia; 
accessory sucker and myzorhynchus absent. Bothridia possess incom-
pletely loculated margins; both distal ends divided into 5 complete fa-
cial loculi. Testes few, arranged in anterior quarter of proglottid, post-
vaginal testes absent. Cirrus sac large, pyriform, containing armed cir-
rus; armature may degenerate in fully mature proglottids. Vagina open-
ing anterior to cirrus sac, crossing vas deferens. Ovary H-shaped in 
dorso-ventral view; tetra-lobed in cross section. Genital pores sub-mar-
ginal, irregularly alternating, positioned ¥.! from anterior end of pro-
glottid. Oocapt located anterior to the ovarian bridge, receiving oviduct 
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extended anteriorly from ovarian bridge. Uterus saccate, extending from 
near anterior margin of proglottid to posterior of proglottid; uterine duct 
extending posteriorly, connecting with uterus at posterior end of pro-
glottid. Vitellarium follicular, arranged in 2 lateral fields, extending full 
length of proglottid. 
Taxonomic summary 
Etymology: This genus is named for the form of its bothridia; the 
appearance of 2 loculated distal ends of bothridium resembles a pair of 
ears on the bothridium. 
Host: Fanrays, Rajiformes: Rhinobatidae. 
Biotobothrium platyrhina n. sp. 
(Figs. 1-2) 
Diagnosis: Live specimens whitish-gray in color (n = 6). Worms 
10.7-20.2 (15.3 ± 3.62) mm in length by 210-440 (324 ± 79.4) in 
width at terminal proglottid, greatest width at level of scolex. Proglottids 
slightly craspedote, euapolytic, 59-97 (73.3 ± 12.6) in number. Scolex 
272-345 (311.5 ± 30.1) in length by 248-391 (321.7 ± 54.3) in width, 
consisting of 4 stalked, muscular bothridia and cephalic peduncle. Ac-
cessory suckers and myzorhynchus absent. Bothridia stalked, highly 
folded, with incomplete loculated margins; both distal ends divided into 
5 complete facial loculi with 1 longitudinal and 6 slanting horizontal 
septa dividing distal region of bothridium into 5 complete facial loculi 
arranged with 1 apical loculus and 2 symmetrical pairs of loculi. Both-
ridial stalks 162-204 (178.5 ± 13.1) in length by 75-116 (93.0 ± 12.2) 
in width. Proximal surface of bothridia densely covered with spiniform 
microtriches, globular papillae observed. Cephalic peduncle 4.14-8.25 
(5.38 ± 1.58) mm in length. 
Mature proglottids longer than wide, 1-4 (1.9 ± 0.7) in number, 504-
1,617 (823.8 ± 344.9) in length, by 210-420 (316.6 ± 72.5) in width. 
Testes spherical to sub-spherical, numbering 14-20 (16.5 ± 1.5) per 
proglottid, 46-70 (57.2 ± 5.6) in length by 46-72 (55.2 ± 6.9) in width, 
extending from anterior margin of proglottid to the anterior margin of 
the vagina, about anterior quarter of proglottid, post-vaginal testes ab-
sent. Vas deferens extensively coiled, extending posteriorly from distal 
end of cirrus sac, nearly reaching the ovarian bridge, extending to tes-
ticular field. Cirrus sac large, pyriform, angled posteriorly, extending 
half a proglottid width, occupying approximately 1/5 of proglottid 
length, 120-328 (206.1 ± 64.8) in length by 64-208 (137.2 ± 41.0) in 
width; internal seminal vesicle present; microtriches on surface of cirrus 
in early mature proglottids, degenerate in fully mature proglottids (Fig. 
1D). Vagina thick-walled, slightly sinuous, extending anteriorly from 
ootype along the midline of proglottid, crossing vas deferens, forming 
a seminar receptacle, 184-232 (210.7 ± 24.4) in length by 112-128 
(120 ± 8) in width in fully mature proglottids, narrowing again, turning 
laterally, opening anterior to cirrus sac into genital atrium; vaginal 
sphincter absent. Genital pores sub-marginal, irregularly alternating, in 
the anterior ¥.! of proglottid. Ovary located at posterior of proglottid, 
with smooth marginal and symmetric arms, posterior ends of ovarian 
lobes slightly separated, forming H-shaped ovary in fully mature pro-
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septum is absent, and the presence of only 5 loculi further differentiates 
this genus from the above 7 genera. The most crucial characteristic that 
this new species shares with other Rhinebothriinae genera is the 10 
loculi symmetrically configured at both ends of bothridia. 
The morphology of the strobila of this species is most congruent with 
the diagnosis of Rhinebothrium Linton, 1989. However, the new genus 
differs from the latter in the posterior extent of the vas deferens that 
nearly reaches the ovarian bridge, in the size of the vagina and its 
posterior tilt to the cirrus sac, in the testicular number and arrangement, 
and in the morphology of cirrus sac and uterus. 
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A NEW SPECIES OF BLOOD FLUKE (DIGENEA: SPIRORCHIIDAE) FROM THE MALAYAN 
BOX TURTLE, CUORA AMBOINENSIS (CRYPTODIRA: GEOMYDIDAE) IN THAILAND 
Vasyl V. Tkach*, Scott D. Snydert, and Jefferson A. Vaughan 
Department of Biology, University of North Dakota, Grand Forks, North Dakota 58202. e-mail: vasyl.tkach@und.nodak.edu 
ABSTRACT: Spirhapalum siamensis n. sp. obtained from the heart of the Malayan box turtle, Cuora amboinensis, from western 
Thailand is described. This blood fluke differs from the 2 previously known species of Spirhapalum in its larger overall body 
size, constricted mid-body, greater number of pre-ovarian testes, ceca that loop anteriorly from the cecal bifurcation before turning 
to the posterior, and the relatively smaller size of its ventral sucker. A phylogenetic analysis using molecular characters places 
the new species in the basal clade of tetrapod blood flukes, more derived than Spirhapalum polesianum, but less derived than 
Spirorchis spp. 
Estimates of the percentage of turtle species that have been 
examined for spirorchiid blood flukes range between 15% 
(Smith, 1997) and 25% (Platt, 1992). It is clear, however, that 
even turtle species that have been commonly reported as spi-
rorchiid hosts can harbor novel species of blood flukes (e.g., 
Platt, 1988, 1990). The Malayan box turtle, C. amboinensis 
(Daudin, 1802), is the type host of Spirhapalum elongatum 
Rohde, Lee, and Lim 1968, the second recognized species of 
this genus. Herein, we describe a third species of Spirhapalum 
from C. amboinensis in Thailand. 
MATERIALS AND METHODS 
In April 2004, the internal organs of C. amboinensis were recovered 
from a turtle butchered for food in Mae Sot, Thailand. Specimens of a 
new digenean species belonging to Spirhapalum were recovered from 
the heart of this turtle. Live worms were rinsed in saline, killed with 
hot water, and fixed in 70% ethanol. Specimens were stained with aque-
ous alum carmine or Mayer's hematoxylin, dehydrated in a graded eth-
anol series, cleared in 'methyl salicylate or clove oil, and mounted per-
manently in Damar balsam. 
Measurements were taken using a compound microscope using dig-
ital imaging and Rincon measurement software (v. 7.1.2., Imaging Plan-
et, Goleta, California). Mean, standard deviation, and coefficient of var-
iation (CV) were calculated according to Steel and Torrie (1980). The 
CV is a percentage value of the ratio of the standard deviation to the 
mean of a particular metric character. Characters with lower CV have 
values that are more stable around the mean than are those with higher 
Cv. 
Sequences of DNA of spirorchiid species were taken from GenBank 
for use in a phylogenetic analysis to include the new species: Spirorchis 
artericola (AY604712, AY604704), Spirhapalum polesianum 
(AY604713, AY604705), Unicaecum sp. (AY604719, AY604711), and 
Vasotrema robustum (AY604714, AY604706). Outgroup sequences 
were taken from GenBank and included a clinostomid, Clinostomum 
sp. (AY222176, AY222095), a diplostomid, Alaria alata (AF184263, 
AY222091), and a leucochloridiid, Leucochloridium perturbatum 
(AY222169, AY222087). 
Genomic DNA for molecular analysis was isolated from 1 specimen 
of the new species and from 1 Spirorchis haematobius (Stunkard, 1922) 
(ex Chelydra serpentina, Fremont County, Iowa) according to Tkach 
and Pawlowski (1999). A fragment of a single worm was used for each 
DNA extraction upon preliminary morphological identification. DNA 
fragments of approximately 3,300 base pairs and spanning the entire 
18S nuclear rDNA and 5' end of the 28S gene (including variable do-
mains DI-D3) were amplified and sequenced according to Snyder 
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(2004). Contiguous sequences were assembled and edited using Se-
quencher (GeneCodes Corp., ver. 4.1.4) and submitted to GenBank: S. 
haematobius (FJ48 1163, FJ48 1165), Spirhapalum siamensis n. sp. 
(FJ481165, FJ48 1 166). A voucher specimen of S. haematobius was de-
posited in the Harold W. Manter Laboratory (HWML 49030). 
Sequences were initially aligned using Clustal W as implemented in 
the BioEdit program, version 7.0.1 (Hall, 1999) and manually refined 
using BioEdit. Ambiguously aligned bases were excluded from the anal-
ysis. Maximum parsimony analysis of these data was performed using 
the exhaustive search, random sequence addition, and TBR branch-
swapping options ofPAUP* (v. 4.0blO) (Swofford, D.L., 2001. PAUP*: 
Phylogenetic Analysis Using Parsimony [and other methods]), Version 
4.0blO. Sinauer, Sunderland, Massachusetts). Gaps were treated as miss-
ing data and characters were unordered with equal weight. Nodal sup-
port was assessed using bootstrap resampling (Felsenstein, 1985) (1,000 
bootstrap replicates, 100 heuristic searches per replicate). 
Measurements of the holotype are given in the text; measurements 
of the entire type series are given in Table I. Measurements are given 
in /-Lm. 
DESCRIPTION 
Spirhapalum siamensis n. sp. 
(Fig. 1) 
Diagnosis: Based on 4 complete and 3 partial adult specimens. Body 
elongate, 4,410; divided into distinct forebody and hind body by long 
constriction at level of ventral sucker. Forebody 571 wide, 352 at level 
of ventral sucker. Tegument rugose, with numerous papillae; papillae 
longest and most dense in middle part of body. Oral sucker, 124 X 96. 
Esophagus surrounded by glandular tissue, sinuous, 470 long. Plicate 
organ surrounding posterior region of esophagus 87 x 150. Cecal bu-
furcation 565 from anterior end of body. Ceca loop anteriorly from cecal 
bifurcation before turning posteriad. Ceca straight to slightly sinuous, 
extending to near posterior body end. Ventral sucker round, smaller than 
oral sucker, 50 X 56, 1,580 from anterior body end, 2,560 to posterior 
body end. 
Testes 13, intercecal, 12 pre-ovarian, 1 post-ovarian, irregular in 
shape, sometimes strongly lobed. Pre-ovarian testes usually with over-
lapping posterior and anterior margins. Anterior-most testis 519 poste-
rior of ventral sucker. Posterior-most pre-ovarian testis 765 from pos-
terior end. Post-ovarian testis posterior to seminal receptacle, near pos-
terior body end. Short seminal ducts from each anterior testis join com-
mon seminal duct running ventrally from anterior-most testis to cirrus 
sac. Seminal duct from posterior testis joins external seminal vesicle at 
short distance from proximal end of cirrus sac. External seminal vesicle 
elongate, situated between posterior-most pre-ovarian testis and cirrus 
sac, ventral to ovary, often overlapping sinistral margin of ovary and 
posterior-most pre-ovarian testis. Cirrus sac thick-walled, length 164, 
width at base 58, sinistral to ovary, containing small internal seminal 
vesicle, pars prostatica and ejaculatory duct. Proximal margin of cirrus 
sac originating posterior to seminal vesicle at approximate midpoint of 
ovary. Cirrus sac originates dorsally and runs ventro-posteriorly toward 
sinistral margin, displacing left cecum. Cirrus sac terminates between 
ceca in ventral, sinistral common genital pore. 
Ovary immediately posterior to testicular column, deeply lobed, 302 
X 194, intercecal, displacing ceca. Short oviduct originates from pos-
terior lobe of ovary and forms oviductal seminal receptacle. Seminal 
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TABLE 1. Metric data for Spirhapalum siamensis n. sp. 
Characters n 
Body length 4 
Anterior end to ventral sucker 5 
Ventral sucker to posterior end 4 
Forebody width 4 
Body width at ventral sucker 4 
Oral sucker length 6 
Oral sucker width 6 
Plicate organ length 6 
Plicate organ width 6 
Esophagus 6 
Cecal bifurcation to anterior end 5 
Anterior testis to ventral sucker 5 
Ventral sucker length 6 
Ventral sucker width 6 
Cirrus sac length 6 
Cirrus sac width at base 7 
Vitelline field-anterior end 5 
Ovary length 7 
Ovary width 7 
Seminal receptacle length 5 
Seminal receptacle width 5 
Posterior pre-ovarian testis to posterior end 6 
CV, coefficient of variation; Min-Max, minimum-maximum; SD, standard deviation. 
receptacle 45 X 83, tubular, elongate, dextral, between ovary and post-
ovarian testis. Ootype at level or slightly anterior and sinistral to vitel-
line reservoir. Very short uterus opens into common genital pore. Laur-
er's canal opens dorsal to posterior testis. Vittellarium consisting of 
numerous, irregularly shaped, densely packed follicles forming 2 lateral 
fields extending from approximate level of cecal bifurcation to posterior 
end. Follicular density greatest in forebody and hindbody, only scattered 
follicles surround ceca in mid-body constriction. Follicles in forebody 
and hindbody extend from lateral body margin to just medial of ceca, 
barely overlapping reproductive organs in hindbody. Vitteline fields 
mef'ge posterior to post-ovarian testis. Sinistral and dextral common 
vitelline ducts merge to form transverse median vitelline reservoir sit-
uated between ovary and post-ovarian testis. Egg observed in 1 para-
type, 84 long. 
Excretory bladder V-shaped, with short arms reaching only posterior 
ends of ceca; excretory ducts originate at anterior margins of bladder 
arms. Excretory pore terminal. 
Taxonomic summary 
Type host: Cuora amboinensis (Cryptodira: Geomydidae) (Malayan 
box turtle). 
Type locality: Mae Sot, Thailand; 16°42'N, 98°34'E. 
Site of infection: Heart, between atria and ventricle. 
Prevalence and intensity of infection: One turtle was infected with 8 
specimens. 
Specimens deposited: Holotype: Harold W. Manter Laboratory no. 
HWML49027. 
Paratypes: Harold W. Manter Laboratory nos. HWML49028-49029. 
All labeled identically: ex Cuora amboinensis, Mae Sot, Thailand, April 
2004. ColI. V. Tkach. 
Etymology: The species refers to the former name of Thailand, Siam. 
Remarks 
Spirhapalum siamensis n. sp. differs from the 2 previously described 
species of Spirhapalum Ejsmont, 1927 in having a larger number of 
pre-ovarian testes, with 12 in the new species versus 4-6 (Platt, 2002) 
in the type species, S. polesianum, and 6 (Rohde et aI., 1968) in S. 
elongatum. The new species also possesses ceca that loop anteriorly 
from the cecal bifurcation before turning posteriorly. The other mem-
bers of the genus are characterized by a T-shaped cecal bifurcation 
Min-Max Mean SD CV 
3,336-4,489 4,082.0 517.8 12.7 
1,420-1,811 1,560.2 159.5 10.2 
1,913-2,922 2,486.8 419.6 16.9 
470-850 617.2 146.1 23.7 
270-381 318.3 57.0 17.9 
106-131 122.0 8.5 6.9 
80-103 92.5 8.2 8.9 
65-90 83.5 9.4 11.3 
110-154 129.2 19.0 14.7 
385-494 457.8 38.0 8.3 
510-707 576.4 75.8 13.2 
328-580 449.6 110.1 24.5 
50-65 57.3 5.7 9.9 
42-70 54.8 9.4 17.2 
113-211 176.2 34.6 19.6 
52-64 58.7 4.8 8.2 
407-494 445.2 33.2 7.5 
196-354 292.9 58.3 19.9 
171-245 208.4 27.4 13.2 
43-106 76.4 30.0 39.3 
39-88 60.8 23.0 37.9 
495-966 760.3 163.0 21.4 
(Platt, 2002). The new species is considerably longer (mean length = 
4,082 fLm) than S. elongatum (mean length = 1,530 fLm) (Rohde et aI., 
1968) and S. polesianum, the longest of which is 2,000 fLm (Ejsmont, 
1927). Neither of the 2 previously named species has the lateral con-
striction characteristic of S. siamensis n. sp. In addition, the ventral 
sucker in S. elongatum and S. polesianum is equal to, or slightly larger 
than, the oral sucker (Ejsmont, 1927; Rohde et aI., 1968), while the 
ventral sucker is distinctly smaller than the oral sucker in the new spe-
cies (Table I). 
DISCUSSION 
A single most parsimonious tree was produced by analysis 
of the combined SSU and LSU DNA data (Fig. 2). The clade 
of Vasotrema robustum (Stunkard, 1928), S. polesianum, S. sia-
mensis, and 2 species of Spirorchis MacCallum, 1919 is strong-
ly supported by bootstrap analysis. An independent phyloge-
netic analysis not reported here supported the overall topology 
of Snyder (2004) and the position of the Vasotrema Stunkard 
1926, Spirhapalum, Spirorchis clade as basal among tetrapod 
blood flukes. In a morphology-based phylogeny, Platt (1992) 
found Spirhapalum to be basal to both the Indian Plasmiorchis 
(Mehra, 1934) and the North American Spirorchis. Plasmior-
chis was not available for the current study, but both Spirha-
palum and Plasmiorchis posse.ss a ventral sucker, as does the 
basal Vasotrema (Fig. 2) of the current study. Both studies sug-
gest that the loss of a ventral sucker is a derived trait of Spi-
rorchis. 
Although the 2 species of Spirorchis used in the current ex-
amination are sister to one another (Fig. 2), the 2 species of 
Spirhapalum are not. Spirhapalum polesianum is basal to S. 
siamensis, which is, in turn, basal to the Spirorchis clade. The 
phylogenetic position of S. siamensis first suggested to us that 
this species represents a novel genus. However, morphological 
examination of these worms provided no novel generic-level 
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10~nges .---- Spirorchis haematobius 
1...-__ Spirorchis artericola 
'------ Spirhapalum siamensis n. sp. 
L-______ Spirhapalum po/esianum 
1...-__________ Vasotrema robustum 
.---------- Clinostomum sp. 
l 
__ 1.!!10!!.O __ -[========== Alaria alata Leucochloridium perturbatum 
FIGURE 2. Phylogenetic tree showing relationships among S. sia-
mensis n. sp. and other taxa of blood flukes. Numbers above nodes 
show bootstrap support from maximum parsimony analysis in PAUP 
(l,000 bootstrap replicates, 100 heuristic searches per replicate). 
characters. The ceca loop anteriorly in the new species is a 
characteristic of the closely related Plasmiorchis (see Platt, 
1992), but members of Plasmiorchis do not possess the post-
ovarian testis characteristic of Spirhapalum. The new species is 
much larger than its congeners, but body size is variable within 
most digenean genera and the greater number of testes in S. 
siamensis n. sp. compared with other members of the genus 
does not, of itself, suggest elevation to generic status. In fact, 
testis number in Spirorchis ranges from 5 to 10, and both mor-
phological (Platt, 1993) and molecular (S. Snyder, unpubl. obs.) 
data support the monophyly of this genus. The paraphyletic 
nature of Spirhapalum in the current molecular phylogeny is 
not supported by any substantial differences in morphological 
characters and may reflect insufficient taxon sampling within 
the genus. 
Spirhapalum siamensis is the second species of the genus 
reported from the geomydid (=batagurid) turtle, C. amboinen-
sis. Spirhapalum elong(ltum was reported from these turtles in 
central-western Malaysia (Rohde et aI., 1968), approximately 
1,500 km from the type locality of the new species. Spirhapal-
um elongatum inhabits the mesenteric arteries of the-host (Roh-
de et aI., 1968) and S. polesianum was recovered from the heart 
(Ejsmont, 1927). The new species was also found in the heart, 
extending between the atria and ventricle. Curiously, the mid-
body constriction of S. siamensis, not found in other members 
of the genus, is the region of the body that threads through the 
atrioventricular valve. Further studies may illustrate whether the 
positioning of these worms in the heart is consistent across 
hosts. 
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A NEW SPECIES OF HETEROSENTIS VAN CLEAVE, 1931 
(ACANTHOCEPHALA: ARHYTHMACANTHIDAE) PARASITIC IN PSEUDOPERCIS NUMIDA 
MIRANDA RIBEIRO, 1903 (PERCIFORMES: PINGUIPEDIDAE) FROM SOUTHEASTERN 
BRAZILIAN COASTAL ZONE 
Fabiiano M. Vieira*, Nilza N. Felizardot, and Jose L. Luque:): 
Departamento de Parasitologia Animal, Universidade Federal Rural do Rio de Janeiro, Caixa Postal 74.508, CEP 23851-970, Seropedica, RJ, 
Brazil. e-mail: jlluque@ufrrj.br 
ABSTRACT: Heterosentis brasiliensis n. sp. (Acanthocephala, Arhythmacanthidae), parasitic in namorado sandperch Pseudopercis 
numida Miranda-Ribeiro, 1903 (Perciformes, Pinguipedidae) from the littoral of Cabo Frio, State of Rio de Janeiro, Brazil, is 
described and illustrated herein. Heterosentis brasiliensis n. sp. differs from all congeneric species by having 10 longitudinal 
rows of hooks in the proboscis, 6 or 7 hooks in each row, 3 or 4 small basal hooks in each row, and spines in the anterior ventral 
surface of the body. The similar species, Heterosentis heteracanthus (Linstow, 1896) and Heterosentis caballeroi Gupta & Fatma, 
1983, also have 10 longitudinal rows of hooks, but H. heteracanthus differs from the new species by possessing trunk spines in 
the ventral and dorsal body surface. Heterosentis caballeroi differs from H. brasiliensis by the presence of 1 apical and 1 
subapical hook in each longitudinal row; the largest apical, subapical, and basal hooks; lemnisci that are smaller than the proboscis 
receptacles; and a pre-equatorial male reproductive system. This is the first record of a Heterosentis species in a pinguipedid fish 
and from Brazilian coastal zone. 
Species of Arhythmacanthidae Yamaguti, 1935 (Acantho-
cephala, Paleacanthocephala) are parasites of fishes around the 
world (Pichelin and Cribb, 1999), The morphological charac-
teristics of species of this family include the abrupt transition 
from larger apical and subapical hooks, with roots from small 
basal hooks, without roots on the proboscis, and with 6 cement 
glands (Pichelin and Cribb, 1999), This family is organized into 
3 subfamilies: Neoacanthocephaloidinae Golvan, 1960, which 
has a long, cylindrical proboscis and a greater number of large 
apical hooks than small basal hooks; Paracanthocephaloidinae 
Golvan, 1969, in which the trunk spines are always absent; and 
Arhythmacanthinae Yamaguti, 1935, in which the proboscis is 
short, globular, or claviform, and it has either about the same 
number of large apical hooks as small basal h<1oks or fewer 
large hooks than small basal hooks (Amin, 1985, 1987; Pichelin 
and Cribb, 1999), 
Heterosentis Van Cleave, 1931 (Arhythmacanthinae) in-
cludes 12 valid species (Pichelin and Cribb, 1999) and is dis-
tinguished from other genera by having a claviform proboscis 
and trunk spines, and by not having a large antero-dorsal body 
curvature, The differentiation of species wihin this genus is 
based on morphometric data of proboscis hooks, distribution, 
and morphometric data of body structures, proboscis armature, 
and distribution of trunk spines (Pichelin and Cribb, 1999), Spe-
cies of Heterosentis are parasites of the intestine of freshwater 
and marine fishes from South America, Antarctic, Asia, and 
Oceania (Van Cleave, 1931; Yamaguti, 1935; Golvan, 1969; 
Nickol, 1972; Schmidt and Paperna, 1978; Gupta and Fatma, 
1979, 1983; Zdzitowiecki, 1984). 
To date, only 1 species of Heterosentis, H. heteracanthus 
(Lin stow, 1896), has been reported from the South American 
and Antarctic coasts, where it parasitizes Basilichthys micro-
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lepidotus (Jenyns, 1841) (Atheriniformes, Atherinopsidae) 
(= Atherinichthys microlepidotus); Notothenia neglecta Nybel-
in, 1951 (Perciformes, Nototheniidae); Notothenia rossi Rich-
ardson, 1844; and Gobionotothen gibberifrons (Lonnberg, 
1905) (Perciformes, Nototheniidae) (Van Cleave, 1931; Zdzi-
towiecki, 1984; Semenas and Trejo, 1997). 
Pseudopercis numida Miranda-Ribeiro, 1903 (Perciformes, 
Pinguipedidae) (Namorado sandperch) is a demersal, nonmi-
gratory fish found on rocky and sandy bottoms in coastal wa-
ters. This species is considered a euryphagous predator, feeding 
mainly on benthic fishes and crustaceans (Menezes and. Fi-
gueiredo, 1985; Froese and Pauly, 2007). Its distribution in-
cludes southern Brazil, from Rio de Janeiro to the State of Santa 
Catarina (Menezes and Figueiredo, 1985), but recently it was 
also reported in Argentinean waters (Venerus et ai., 2007). 
During a parasitological survey of marine fishes off Rio de 
Janeiro, Brazil, specimens of an undescribed species of Heter-
osentis were recovered from the intestine of P. numida. In this 
paper, this new acanthocephalan is described. 
MATERIALS AND METHODS 
The acanthocephalans studied are part of the helminths collected from 
62 specimens of P. numida off the coast of Cabo Frio, State of Rio de 
Janeiro, Brazil (22°52' 43.26"S, 42°1' 11.55"W), between October 2002 
and June 2003. The hosts were identified according to Menezes and 
Figueiredo (1985). The fishes were kept frozen in plastic bags at -18 
C until necropsy. The acanthocephalans were fixed in AFA and pre-
served in 70% ethanol. Parasites were stained in Mayer's carmalumen, 
cleared in creosote, and mounted in Canada balsam for examination as 
whole mounts. Parasites were examined with a Hund Wetzlar H-600 
(Helmut Hund GmbH, Wetzlar, Germany) phase contrast microscope. 
Illustrations were made with the aid of a drawing tube. Measurements 
are given as ranges in micrometers (/-Lm), with mean and standard de-
viation in parentheses. Identification and classification of the acantho-
cephalans to the generic level follow Amin (1985, 1987) and Pichelin 
and Cribb (1999). Type specimens are deposited in the Instituto Os-
waldo Cruz Helminthological Collection (CHIOC), Rio de Janeiro, Bra-
zil. 
DESCRIPTION 
Heterosentis brasiliensis n. sp. 
(Figs. 1-4) 
General: Sexual dimorphism not pronounced. Proboscis clavi form, 
armed with 10 longitudinal rows: each consists of 1 medium apical hook 
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with root; 2 larger subapical hooks with root; and 3-4 smaller, basal, 
curved hooks without root (Fig. 4), with a total of 6-7 hooks in each 
longitudinal row (Fig. 3). Neck unarmed. Trunk fusiform, armed with 
a few small spines on ventral surface, pointing posteriorly, from anterior 
end of trunk to posterior margin of proboscis receptacle (Figs. 1, 2). 
Proboscis receptacle double-walled. Lemnisci elongated, roughly equal 
in length (Figs. 1, 2), extend beyond posterior margin of proboscis 
receptacle. Genital spines absent. 
Male (based on 3 mature adults): Trunk 2,213-2,400 (2,329::': 100.7; 
n = 3) long, 347.3-551.7 (474.00 ::': 110.7; n = 3) wide. Proboscis 
292.6-381.0 (338.2 ::': 44.3; n = 3) long, 82.6-131.0 (111.8 ::': 25.7; n 
= 3) wide. Apical hooks 36.0-38.9 (37 ::': 1.3; n = 4) long, subapical 
hooks 35.0-63.6 (51.1 ::': 8.7; n = 35) long, basal hooks I 16.8-24.4 
(20.7 ::': 3.2; n = 6) long, basal hooks II 14.4-19.4 (17.4 ::': 1.9; n = 
6) long, basal hooks III 11.35-18.0 (15.4 ::': 2.6; n = 7) long, basal 
hooks IV 11.2-17.3 (14.4 ::': 2.2; n = 5) long., Proboscis length:trunk 
length ratio 1:6.9. Proboscis receptacle 220.0-451.5 (300.2 ::': 131; n = 
3) long, 97.1-141.0 (118.9 ::': 21.9; n = 3) wide. Ventral anterior trunk 
spines 10.7-13.4 (12.1 ::': 1.1; n = 7) long. Lemnisci 651.2-754.7 (709.3 
::': 34.6; n = 6) long, 46.4-89.5 (69.9 ::': 18.7; n = 6) wide. Whole 
reproductive system post-equatorial. Testes equal, ovoid, contiguous. 
Anterior testis 247.4-267.0 (258.7 ::': 10.1; n = 3) long, 195.0-214.9 
(205.6 ::': 10.0; n = 3) wide. Posterior testis 205.9-285.2 (238.5 ::': 41.4; 
n = 3) long, 198.2-235.0 (212.1 ::': 20.0; n = 3) wide. Six cement 
glands, pyriform; some glands contiguous with margin of posterior tes-
tis, 63.1-117.0 (87.7 ::': 15.5; n = 17) long. Safftigen's pouch pyriform, 
176.0-176.6 (176.3 ::': 0.5; n = 2) long, 85.6-96.5 (91.1 ::': 7.7; n = 2) 
wide. Gonopore terminal. 
Female (based on 2 gravid specimens): Trunk 2,163 (n = 1) long, 
433.8 (n = 1) wide. Proboscis 280.2 (n = 1) long, 129.9 (n = 1) wide. 
Apical hooks 45.8-46.3 (46.1 ::': 0.4; n = 2) long, subapical hooks 
41.0-89.7 (69.2 ::': 14.3; n = 21) long, basal hooks I 21.1-36.6 (27.5 
::': 7.3; n = 4) long, basal hooks II 16.1-27.2 (23.5 ::': 5.1; n = 4) long, 
basal hooks III 14.2-25.9 (21.1 ::': 5.0; n = 4) long, basal hooks IV 
18.0-22.4 (19.9 ::': 1.9; n = 4) long. Proboscis length: trunk:length ratio 
1:7.7. Proboscis receptacle 259.7 (n = 1) long, 143.9 (n = 1) wide. 
Lemnisci 1,081-1,140 (1,111 ::': 41.8; n = 2) long, 97.0-100.0 (98.4 ::': 
2.1; n = 2) wide. Ven.tral anterior trunk spines 13.8-17.8 (16.1 ::': 2.0; 
n = 3) long. Mature eggs fusiform, elongate, 54.0-61.0 (58.2 ::': 2.7; n 
= 9) long, 18.6-22.1 (20.2 ::': 1.1; n = 9) wide. Gonopore subterminal. 
Taxonomic summary 
Type host: Pseudopercis numida Miranda-Ribeiro, 1903 (Perci-
formes, Pinguipedidae) (Namorado sandperch). 
Site of infection: Intestine. 
Type locality: Coast of Cabo Frio, State of Rio de Janeiro, Brazil 
(22°52' 43.26"S, 42°1' 11.55"W). 
Prevalence: 22.6% (14 of 62 fishes necropsied). 
Mean intensity of infection: 4.1 ::': 4.2. 
Type specimens: Holotype male CHIOC no. 37103 (whole mount); 
allotype female CHIOC no. 37104 (whole mount); 2 paratypes CHIOC 
no. 36672 (male) and 37105 (female) (whole mounts). 
Etymology: The specific name refers to the type locality of the spe-
cies. 
Remarks 
Heterosentis brasiliensis n. sp. is included in this genus by having a 
claviform proboscis, trunk with spines, and no trunk antero-dorsal cur-
vature. This species differs from some other species of the genus by 
possessing 10 longitudinal rows of hooks in the proboscis, while H. 
zdzitowieckii (Kumar, 1992); H. hirsutus Pichelin & Cribb, 1999; H. 
parasiluri Yin & Wu, 1984; H. fusiformis Yamaguti, 1935; H. plotosi 
Yamaguti, 1935; H. paraplagusiarum (Nickol, 1972); and H. septacan-
thus (Sita in Golvan, 1969) have 13 or more longitudinal rows of hooks 
in the proboscis (Pichelin and Cribb, 1999). 
Among the species that have fewer than 13 longitudinal rows of 
hooks, H. brasiliensis differs from H. thapari (Gupta & Fatma, 1979) 
by having apical hooks longer than 30 ILm, while H. thapari presents 
apical hooks 15-16 ILm long and 10-12 longitudinal rows of hooks in 
the proboscis (Gupta and Fatrna, 1979; Pichelin and Cribb, 1999). Het-
erosentis brasiliensis differs from H. overstreeti Schmidt & Papema, 
1978 by possessing trunk spines restricted to the ventral body surface, 
while H. overstreeti has trunk spines covering the entire trunk (Schmidt 
and Papema, 1978; Pichelin and Cribb, 1999). The new species differs 
from H. pseudobagri (Wang & Zhang, 1987) by having 3 or more basal 
hooks, while H. pseudobagri has fewer than 3 basal hooks in the pro-
boscis and 12 longitudinal rows of hooks in the proboscis (Pichelin and 
Cribb, 1999). 
The number of longitudinal rows (10) of hooks in the proboscis and 
the distribution of spines only in the anterior region of the trunk in H. 
brasiliensis are similar to H. heteracanthus (Linstow, 1896) and H. 
caballeroi Gupta & Fatma, 1985. The type species of this genus, H. 
heteracanthus, possesses trunk spines that extend well past the probos-
cis receptacle (Pichelin and Cribb, 1999), but H. brasiliensis has trunk 
spines restricted to the ventral body surface, while H. heteracanthus 
possesses trunk spines in the ventral and dorsal body surfaces (Van 
Cleave, 1931; Zdzitowiecki, 1984). Another difference between these 2 
species is the number of hooks in each longitudinal row in the probos-
cis, i.e., H. brasiliensis has 1 apical hook, 2 subapical hooks, and 3 or 
4 small basal hooks, totaling 6 or 7 hooks in each longitudinal row, 
while H. heteracanthus has 1 or 2 subapical hooks, and 3 small basal 
hooks, totaling 4 or 5 hooks in each row (Van Cleave, 1931; Zdzito-
wiecki, 1984). 
Heterosentis caballeroi also has 10 longitudinal rows of hooks and 
4 small basal hooks in each longitudinal row in the proboscis (Gupta 
and Fatma, 1983; Pichelin and Cribb, 1999). Nevertheless, H. brasi-
liensis differs from this species by the presence of 1 apical and 2 sub-
apical hooks in each longitudinal row. In the original description of H. 
caballeroi, there was no information provided for female specimens 
(Gupta and FatIna, 1983), which does not allow for comparison with 
females of the new species. Another difference between these 2 species 
is the mean size of the proboscis hooks. In males of H. brasiliensis, the 
mean size of the apical, subapical, and basal hooks is smaller than that 
of males of H. caballeroi, where the apical and subapical hooks measure 
58 ILm long, and small basal hooks measure 24 ILm long (Gupta and 
Fatma, 1983). Another character observed in the proboscis armature of 
H. brasiliensis is the unequal size of basal hooks in each longitudinal 
row (Figs. 3,4). In the new species, in both sexes, the distal basal hooks 
are larger than the proximal basal hooks (Fig. 4). In H. caballeroi, this 
difference was not observed (Gupta and Fatrna, 1983). In H. caballeroi, 
the lemnisci are smaller than the proboscis receptacle and the male 
reproductive system is pre-equatorial (Gupta and Fatrna, 1983), while 
in H. brasiliensis, the elongated lemnisci extend beyond the posterior 
margin of the proboscis receptacle (Figs. 1, 2), and the male reproduc-
tive system is post-equatorial (Fig. 1). 
DISCUSSION 
Arhythmacanthinae includes species of Hypoechinorhynchus 
Yamaguti, 1939, Spiracanthus Munoz & George-Nascimento, 
2002, and Heterosentis (Pichelin and Cribb, 1999; Munoz and 
George-Nascimento, 2002). Hypoechinorhynchus spp. are dis-
tinguished by the presence of antero-dorsal body curvature (Pi-
chelin and Cribb, 1999), and Spiracanthus spp. possess basal 
hooks that are distributed in diagonal rows (Munoz and George-
Nascimento, 2002). Heterosentis spp. have a claviform or glob-
ular proboscis, a trunk with spines, and no antero-dorsal cur-
vature of the trunk (Pichelin and Cribb, 1999). 
Before the present study was conducted, Heterosentis includ-
ed 12 valid species (Pichelin and Cribb, 1999). The differenti-
ation of species of Heterosentis is based on morphometric data 
on proboscis hooks, body structures, proboscis armature, and 
distribution of trunk spines (Pichelin and Cribb, 1999). Heter-
osentis brasiliensis is distinguished from the other species of 
the genus by having a combination of the following characters: 
proboscis armature with 10 longitudinal rows of hooks, with 1 
apical, 2 subapical, and 3 or 4 small basal hooks, totaling 6 or 
7 hooks in each row; a trunk armed with few small spines on 
the anterior ventral surface of the body; lemnisci extended be-
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yond the posterior margin of the proboscis receptacle; and a 
male post-equatorial reproductive system. 
Among the species of Heterosentis, only 1, H. heteracanthus, 
was recorded in fishes from the coastal zone of South America 
and the Antarctic. Heterosentis heteracanthus was originally 
described as an intestinal parasite in B. microlepidotus from 
Chile (Van Cleave, 1931; Semenas and Trejo, 1997), and has 
also been reported in N. neglecta, N. rossi, and G. gibberifrons 
in the Antarctic Ocean near the coastal zones of Argentina and 
Chile (Zdzitowiecki, 1984). 
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ABSTRACT: A cross-sectional study was conducted in Gadarif Hospital 
in eastern Sudan to determine the prevalence, and evaluate the risk 
factors, of placental malaria. Two hundred and thirty-six delivering 
women were enrolled in the study. Socio-demographic characteristics 
were gathered through questionnaires. Maternal hemoglobin was mea-
sured, ABO blood groups were determined, and placental histological 
examinations for malaria were performed. The birth weight of the new-
born was also recorded. The mean (SD) maternal age was 25.5 (6.0) yr 
and the mean (SD) hemoglobin was 9.8 (0.9) g/di. Placental histology 
showed acute malaria infections in 13 (5.5%) and chronic infections in 
5 (2.1 %) women; 28 (11.9%) of the placentas revealed past infection 
and 190 (80.5%) indicated no infection. Lack of prenatal care was sig-
nificantly associated with placental infections (OR = l2.0, 95% CI = 
2.3-16.2; P = 0.003). There was no significant association between 
placental malaria infections and maternal age, parity, and blood group. 
Thirty-two (13.5%) of these pregnancy outcomes resulted in low birth-
weight babies. There was, however, no significant association between 
placental malaria and low birth weight (OR = 2.0,95% CI = 0.4-4.1; 
P = 0.1). Thus, placental malaria infections affect pregnant women in 
this area of eastern Sudan regardless of their age or parity. Prenatal care 
should be encouraged to reduce malaria in the area. Much more research 
regarding malaria and pregnancy is needed. 
It has been estimated that 90% of the global malaria burden occurs 
in sub-Saharan Africa,' where 40% of pregnant women are exposed to 
malaria infections (Steketee et ai., 2001). Malaria during pregnancy pos-
es a substantial risk to the mother, the fetus, and the neonate (Cot and 
Deloron, 2003). Malaria during pregnancy is a major health problem in 
Sudan; it is reported to be the main cause of maternal mortality, ma-
ternal anemia, and low birth-weight infants (Taha et ai., 1993; Dafallah 
et ai., 2003; Adam et al., 2005a, 2005b). 
Placental malaria has been reported to have higher sensitivity than 
peripheral or clinical malaria and is more associated with adverse effects 
for pregnancy outcomes (McGregor et al., 1983). Therefore, research 
dealing with the epidemiology of placental malaria should be the goal 
when investigating malaria during pregnancy, even though such re-
search is rather difficult and expensive, especially if placental histology 
(the gold standard) is involved in this process. Few data exist regarding 
the impact of placental malaria on pregnancy and on newborns in areas 
of unstable malaria transmission. 
The current study was conducted in Gadarif Hospital, eastern Sudan, 
to determine the prevalence, and evaluate the risk factors, of placental 
malaria; this was done in an effort to supplement research on malaria 
during pregnancy in the area (Adam, Nour et ai., 2007; Adam et al., 
2008; Bayoumi et al., 2008). The area is characterized by unstable ma-
laria transmission; Plasmodium Jalciparum is the sole species in the 
area (Hamad et ai., 2002). Such study is needed to provide care givers 
and health planners with the basic data necessary for implementation 
of preventative measures. 
The study was conducted between November 2007-January 2008 in 
the labor ward of Gadarif Hospital, eastern Sudan. Women with a new-
born baby were approached to participate in the study. Those with an-
tepartum hemorrhage, hypertensive disorders of pregnancy (diastolic 
blood pressure >90 mm Hg), and diabetes mellitus were excluded. After 
informed consent, a structured questionnaire was administered to collect 
information regarding socio-demographic characteristics. The newborns 
were weighed soon after birth to the nearest 10 g using a Salter scale. 
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Maternal, placental, and cord-blood films were prepared; the slides 
were stained with Giemsa, the number of asexual P. Jalciparum para-
sites per 200 white blood cells was counted, and an expert microscopist 
performed a blind double-check. Maternal hemoglobin concentrations 
were estimated using HemoCue hemoglobinometer (HemoCue AB, An-
gelhom, Sweden). The agglutination method was used to determine ma-
ternal blood groups. 
Full-thickness placental blocks of approximately 2-3 cm2 were taken 
from the placenta and kept in neutral-buffered formalin for histologic 
examination. Placental malaria infections were characterized based on 
the classification of Bulmer et ai. (1993), i.e., uninfected (no parasites 
or pigment), acute (parasites in intervillous spaces), chronic (parasites 
in maternal erythrocytes and pigment in fibrin or cells within fibrin, 
chorionic villous syncytiotrophoblast, or both, or stroma), and past (no 
parasites and pigment confined to fibrin or cells within fibrin). Anemia 
was defined as hemoglobin < 11 gldl and low birth weight as a weight 
<2,500 g. 
Data were entered in a computer using SPSS for windows (SPSS 
Inc., Chicago, Illinois), and then double-checked before analysis. Means 
were compared by a Student's (-test. Logistic regression models were 
constructed with placental malaria infections as a dependent variable, 
and age, parity, prenatal attendance, maternal blood group (0 versus 
other blood types), and maternal hemoglobin as possible influencing 
factors. Others analyses factors included placental infection and low 
birth weight. The odds ratios and confidence intervals were calculated, 
and P < 0.05 was regarded as significant. 
The study received ethical clearance from the Research Board, Fac-
ulty of Medicine, University of Khartoum, Khartoum, Sudan. 
During the study period, there were 257 deliveries. Of these, 11 were 
twins and 246 were single-child deliveries. The data for placental his-
tology, maternal hemoglobin, and placental and birth weights were com-
plete for 236 women; these data were included in the final analyses. Of 
the 236 women, 111 (47.0%) and 125 (57.0%) were primiparae and 
multiparae, respectively. The mean (SD) age was 25.5 (6.0) yr. Fifty-
nine (25.0%), 47 (20.0%), 5 (2.0%), and 125 (53.0%) women had blood 
groups A, B, AB, and 0, respectively; 170 (72.0%) were anemic (he-
moglobin < llg/dl). The mean (SD) hemoglobin was 9.8 (0.9) gldi. 
Sixty-eight (29.0%) of these women elected not to receive prenatal care. 
The blood films for malaria were positive in 4 sets of peripheral, 
placental, and cord samples and in 3 placental samples. Placental his-
tology showed acute placental malaria infections in 13 (5.5%) women 
and chronic infections in 5 (2.1 %). Twenty-eight (11.9 %) of the pla-
centae indicated past infection, and 190 (80.5%) showed no infection. 
Lack of prenatal care was significantly associated with placental in-
fections (OR = 12.0, 95% CI = 2.3-16.2; P = 0.003). There was no 
significant association between placental malaria infections and mater-
nal age (OR = 1.0, 95% CI = 0.7-1.3; P = 0.9), parity (OR = 0.9, 
95% CI = 0.7-1.1; P = 0.5), 'or between blood group 0 versus other 
blood types (OR = 0.8,95% CI = 0.4-1.1; P = 0.6) (Table I). 
Thirty-two of these deliveries (13.5%) were low birth-weight babies. 
There was no significant association between placental malaria and low 
birth weight (OR = 2.0,95% CI = 0.4-4.1, P = 0.1. The mean (SD) 
birth weight was not significantly different between women with pla-
cental malaria and those without placental malaria; 2,966.2 (590.9) g 
versus 2,999.5 (593.5) g, P = 0.6, respectively. 
The study was designed to investigate prevalence and risk factors for 
placental malaria infections. The prevalence of placental malaria infec-
tion among pregnant women in the area was 19.5%; placental malaria 
infections affected pregnant women in the area regardless of their age 
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TABLE I. Factors associated with placental malaria among pregnant 
women of eastern Sudan, using logistic regression analysis. 
Variable OR 95% CI P 
Age 1.0 0.9-1.0 0.9 
Parity 0.9 0.7-1.1 0.5 
Lack of prenatal care 12.0 2.3-16.2 0.003 
Hemoglobin 0.9 0.7-1.3 0.9 
Blood group (0 vs. others) 0.8 0.4-1.8 0.6 
or parity. With the exception of the lack of prenatal care, no other 
significant risk factor for placental malaria was observed. 
It was not unexpected to find an absence of significant association 
between placental malaria and age or parity. The area is characterized 
by unstable malaria transmission; low immunity among these women 
is, therefore, to be expected (Hamad et aI., 2002). 
Thus, these findings add to the epidemiology of malaria during preg-
nancy in eastern Sudan. According to, and guided by, these results, 
preventive measures (mainly bed nets and chemoprophylaxis) should 
be given to pregnant women, regardless of their age and parity. These 
findings supported our previous reports in a nearby area, where epide-
miology and pathogenesis of malaria during pregnancy were not asso-
ciated with age or parity (Adam et al., 2005a; Adam, Nour et al., 2007; 
Adam, Babiker et aI., 2007; Adam et al., 2008; Bayoumi et aI., 2008). 
In the current study, women who did not attend prenatal care were 
12 times more likely to develop placental malaria. This is not surprising, 
as detection and treatment of malaria cases are part of the current pro-
gram being provided by prenatal care services in the area. In the future, 
health planners and caregivers should implement preventative measures, 
such as bed nets, and intermittent preventive measures in the prenatal 
clinics. Prenatal care is one of the most-effective ways of reducing 
maternal mortality and morbidity, and under-use of this care has been 
associated with adverse maternal outcomes (WHO, 1999). Moreover, 
recent reports have suggested that the high maternal and perinatal mor-
tality in western Sudan could·be reduced by increasing women's use of 
prenatal care services (Haggaz et al., 2007, 2008). 
In the present study, hemoglobin level was not a predictor for pla-
cental malaria infection. We recently reported that women with blood 
group 0 and placental malaria infection had slightly higher hemoglobin 
levels (Adam et aI., 2007). However, Kabyemela et al. (2008) observed 
a decreased susceptibility to P. Jalciparum infection in pregnant women 
with an iron deficiency. Our observations require further examination 
in light of the latter study. 
In the present study, we also did not observe a significant association 
between placental malaria and low birth weight. As opposed to a recent 
report in a nearby area (Adam et aI., 2008), low birth weight was not 
associated with the histopathology seen in placental malaria infections, 
and the explanation for this finding remains unclear. Perhaps, as we 
stated previously, these women had a very low prevalence of peripheral, 
placental, and cord microscopically-detected parasitemia; hence, the ef-
fect of submicroscopic parasitemia on low birth weight cannot be ex-
cluded. In the past, we observed a large burden of submicroscopically 
detected parasitemia among pregnant women that was associated with 
morbidity and mortality among non-pregnant individuals in the same 
geographic area (Adam, Elbasit et aI., 2005; Giha et al., 2005). In other 
studies, malaria infection is known as a risk factor for low birth weight 
(Taha et al., 1993). However, the latter study was undertaken in a rel-
atively small-sized hospital and may not be a true community represen-
tative, because high-risk pregnancy and women with complications 
were those presented at a major hospital. In summary, placental malaria 
infections affect pregnant women in this area, regardless of their age or 
parity. Lack of prenatal care was the main risk factor for placental 
malaria infection. 
This study was partially supported by the Research Fund, Medical 
College University of Cork, Ireland. 
LITERATURE CITED 
ADAM, I., S. BABIKER, A. A. MOHAMMED, M. M. SAUH, M. H. PRINS, 
AND Z. M. ZAKI. 2007. ABO blood group system and placental 
malaria in an area of unstable malaria transmission in eastern Su-
dan. Malaria Journal 10: 110. 
-----, -----, -----, -----, -----, AND -----. 2008. Low 
body mass index, anemia and poor perinatal outcome in a rural 
hospital in eastern Sudan. Journal of Tropical Pediatrics 54: 202-
204. 
-----, I. E. A-ELBASIT, I. SALIH, AND M. I. ELBASHIR. 2005. Submi-
croscopic Plasmodium Jalciparum infections during pregnancy, in 
an area of Sudan with low malaria transmission. Annals of Tropical 
Medicine and Parasitology 99: 339-344. 
-----, A. H. KHAMIS, AND M. I. ELBASHIR. 2oo5a. Prevalence and risk 
factors for malaria in pregnant women of eastern Sudan. Malarial 
Journal 4: 8. 
-----, -----, AND -----. 2005b. Prevalence and risk factors for 
anemia in pregnant women of eastern Sudan. Transactions of the 
Royal Society of Tropical Medicine and Hygiene 90: 739-743. 
-----, B. Y. NOUR, W A. ALMAHI, E. S. OMER, AND N. I. Au. 2007. 
Malaria susceptibility and cortisol levels in pregnant women of 
eastern Sudan, International Journal of Gynecology and Obstetrics 
98: 260-261. 
BAYOUMI, N. K., K. H. BAKHET, A. A. MOHMMED, A. M. ELTOM, M. I. 
ELBASHIR, E. MAVOUNGOU, AND I. ADAM. 2008. Cytokine profiles 
in peripheral, placental and cord blood in an area of unstable ma-
laria transmission in eastern Sudan. Journal of Tropical Pediatrics, 
available online. (In press). 
BULMER, J. N., E N. RASHEED, N. FRANCIS, L. MORRISON, AND B. M. 
GREENWOOD. 1993. Placental malaria. I. Pathological classification. 
Histopathology 22: 211-218. 
COT, T. M., AND P. DELOREN. 2003. Malaria during pregnancy: Conse-
quences and interventional perspectives. Medicine in Tropics 63: 
369-380. 
DAFALLAH, S. E., E H. EL-AGIB, AND G. O. BUSHRA. 2003. Maternal 
mortality in a teaching hospital in Sudan. Saudi Medical Journal 
24: 369-373. 
GIHA, H. A., I. E. A-ELBASIT, T. M. A-ELGADIR, I. ADAM, K. BERZINS, 
G. ELGHAZALI, AND M. I. ELBASHIR. 2005. Cerebral malaria is fre-
quently associated with latent parasitemia among the semi-immune 
population of eastern Sudan. Microbes and Infection 7: 1196-1203. 
HAGGAZ, A. D., E. A. RADI, AND I. ADAM. 2007. High maternal mortality 
in Darfur, Sudan. International Journal of Gynaecology and Ob-
stetrics 98: 252-253. 
-----, -----, AND -----. 2008. High perinatal mortality in Darfur, 
Sudan. Journal of Maternal Fetal and Neonatal Medicine 21: 277. 
HAMAD, A. A., AEL H. NUGUD, D. E. ARNOT, H. A. GIHA, A. M. ABDEL-
MUHSIN, G. M. SATTI, T. G. THEANDER, A. M. CREASEY, H. A. 
BABIKER, AND D. E. ELNAIEM. 2002. A marked seasonality of ma-
laria transmission in two rural sites in eastern Sudan. Acta Tropica 
83: 71-82. 
KABYEMELA, E. R., M. FRIED, J. D. KURTIS, T. K. MUTABINGWA, AND P. 
E. DUFFY. 2008. Decreased susceptibility to Plasmodium Jalcipa-
rum infection in pregnant women with iron deficiency. Journal of 
Infectious Diseases 198: 163-166. 
MCGREGOR, I. A., M. E. WILSON, AND W. Z. BILLEWICZ. 1983. Malaria 
infection of the placenta in the Gambia, West Africa: Its incidence 
and relationship to stillbirth, birthweight and placental weight. 
Transactions of the Royal Society of Tropical Medicine and Hy-
giene 77: 232-244. 
STEKETTEE, R. W, B. L. NAHLEN,.M. E. PARISE, AND C. MENENDEZ. 
2001. The burden of malaria in pregnancy in malaria-endemic ar-
eas. American Journal of Tropical Medicine and Hygiene 
64(Suppl.): 28-35. 
TAHA, E. T., H. G. RONALD, AND A. M. ABDALLA. 1993. Malaria and 
low birth weight in central Sudan. American Journal of Epidemi-
ology 138: 315-325. 
WORLD HEALTH ORGANIZATION (WHO). 1999. Reduction of maternal 
mortality: A WHOIUNFPAfUNICEFlWorid Bank. statement. Ge-
neva, Switzerland. 1999-ISBN 92-4 156195-5 
J. Parasitol .• 95(3), 2009, pp. 753-756 
© American Society of Parasitologists 2009 
Metazoan Parasite Infracommunities of the Toadfish Aphos porosus 
(Pisces: Batrachoidiformes) in Central Chile: How Variable Are They over Time? 
Yurima Cortes and Gabriela Munoz, Facultad de Ciencias del Mar y de Recursos Naturales, Universidad de Valparaiso, Casilla 5080, 
Refiaca, Vifia del Mar, Chile. e-mail: gabriela.munoz@uv.cl 
ABSTRACT: The present study examines variation in parasite commu-
nity characteristics of the toadfish Aphos porosus across sampling years, 
We analyzed and compared the species composition and numeric de-
scriptors of the parasite infrapopulations and infracommunities in 101 
fish collected during the springs of 1999, 2006, and 2007 from rocky 
intertidal ponds in El Tabo, central Chile. Parasites were found in 94.1 % 
of specimens necropsied. In total 5,532 parasites were collected, rep-
resenting 12 taxa, of which 7 were found in the 3 annual samples. The 
most prevalent and abundant parasites in the 3 sampling years were 
larval tetraphyllidean cestodes, followed by anisakid nematodes. The 
community descriptors of average richness and abundance varied sig-
nificantly across the 3 yr, with the exception of parasite dominance. The 
parasite species composition and relative abundance showed low vari-
ability among years. A few parasite taxa (Anisakis sp., Pseudoterranova 
sp., tetraphyllideans, and Clestobothrium crassiceps) dominated the in-
fracommunities of the toadfish; however, tetraphyllideans were the par-
asites that greatly varied over time. Consequently the parasite infracom-
munities of the toadfish were variable among years, with a low variation 
in parasite composition, but large differences in the aggregate descrip-
tors. 
The distribution of parasite communities generally shows spatial and 
temporal variations (Esch and Fernandez, 1993), which allow for in-
vestigators to determine whether or not a community, in terms of spe-
cies richness, specific identity, and abundance of the parasite species, 
exhibits a predictable and repetitive structure over time and space. 
When the species composition, abundances, and prevalences of the par-
asite species differ significantly from what were statistically expected 
(Poulin, 1998), it is possible to investigate and associate biological fac-
tors and ecological prOcesses (e.g., Rohde, 1993; Poulin, 1998) that 
structure such communities. Most species exhibit variability in com-
munity structure over time, but they do so in different degrees and 
depending on which descriptors have been considered .,Micheli et al., 
1~~. . 
Determining how, and by how much, parasite communities change 
over time allows for understanding the natural variations that these com-
munities experience and, with this, may generate basic knowledge to 
improve parasite prevention and control procedures for cultivated spe-
cies. In Chile little research has addressed temporal variability of par-
asite infracommunities and the factors that explain the changes in the 
species composition and popUlations and communities descriptors over 
time (e.g., Balboa and George-Nascimento, 1998; Garcfas et aI., 2001; 
Dfaz and George-Nascimento, 2002; Gonzalez and Oliva, 2006). In gen-
eral, it is possible to expect that parasite communities exhibit a low 
variation when they are coming from host individuals collected from a 
single locality and sampled in the same season over time. The present 
research was designed to determine if the parasite infracommunities of 
the toadfish Aphos porosus (Valenciennes, 1837) collected from rocky 
intertidal ponds of El Tabo (33°27'S, 71°38'W), in central Chile, vary 
significantly among sampling years. 
Between October and November (during spring) in 1999, 2006, and 
2007, 101 toadfish specimens were collected (see Table I for sample 
sizes per year). Most of the fish were frozen immediately, while others 
were dissected fresh. Metazoan ecto- and endoparasites were collected 
from each specimen following the methodology described by Dfaz and 
George-Nascimento (2002). The anisakid nematodes were fixed in 70% 
alcohol, then cleared in glycerine to observe their internal structures; 
the other parasites collected were fixed in 10% formalin. Identity of the 
parasites was determined using Moore (1910), Schmidt (1970), Petro-
chencko (1971), and Oliva and Zegers (1988). Population and com-
munity descriptors of parasites in each sampling year were enumerated. 
The prevalence, abundance (Margolis et aI., 1982), and relative abun-
DOl: lO.1645/GE-1651.1 
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dance (number of individual parasites of a determined species divided 
by the total number of parasites of each infracommunity) were obtained 
for each parasite species; infracommunity data included average of spe-
cies richness, total abundance (Dfaz and George-Nascimento, 2002), 
and Simpson's dominance (Magurran, 1988). Nonparametric analyses 
were applied, given that the data were not normally distributed (Zar, 
1999). A significance level of P < 0.05 was used for statistical analyses. 
Ninety-four percent (n = 95) of the hosts examined harbored at least 
1 parasite taxon. In total, 5,532 parasites were collected; 12 taxa were 
identified, of which the majority were endoparasitic larvae. Five taxa 
were uncommon, i.e., infrequent or less abundant parasites, whereas 7 
parasite taxa were found in all 3 yr of sampling (Table I). The tetra-
phyllidean cestodes, followed by the nematodes Pseudoterranova sp. 
and Anisakis sp., were the most prevalent and abundant parasites in all 
of the samples (Table I). The prevalence of each parasite taxon was 
compared between years using a 2 X 2 contingency table, and the sta-
tistical significance was evaluated with a Chi square test (Zar, 1999), 
whereas the average of parasite abundance was compared among years 
by a Kruskall-Wallis test. Annual variations were found in the preva-
lence of Proctoeces lintoni, Nybelinia sp., Grillotia sp., the tetraphyl-
lidean larvae, and Anisakis sp. (P < 0.04 in all cases; Table I), and in 
the abundance of Nybelinia sp., tetraphyllidean cestodes, Anisakis sp., 
and Pseudoterranova sp. (P < 0.007 in all cases). In all comparisons 
the sample taken in 1999 differed from the fish captured in 2006 and 
2007. Despite these differences, none of the years was dominated by 
any parasite in particular, given that the correspondence analysis be-
tween the sampling year and the infrapopulation parameters of parasites, 
i.e., prevalence, abundance, and relative abundance, were not related to 
one another (P > 0.10 in all cases). 
All of the fish collected were adults, and their body lengths ranged 
between 18.0 and 32.8 cm (25.2 ± 4.1 cm), with significant differences 
among the samples (Kruskal-Wallis test, H(2) = 8.66, P = 0.01); fish of 
shorter body length were obtained in 1999 (23.6 ± 2.8 cm) compared 
to those collected in the other samples (2006: 26.8 ± 3.9 cm; 2007: 
25.1 ± 4.4 cm). With the aim of reducing the effect of this variable on 
the results, a sample of 77 toadfish was selected by excluding those 
fishes with the smallest «20 cm) and the largest body lengths (>31 
cm). The selected sample was composed of 22, 22, and 33 specimens 
for 1999, 2006, and 2007, respectively. The selected sample of fish did 
not show significant difference in the body lengths among years (Krus-
kal-Wallis test, H(2) = 5.57, P = 0.07). Although female fishes were 
smaller than the males (Mann-Whitney, U = 50, P < 0.001), parasite 
infracommunity richness (Mann-Whitney, U = 223.5, P = 0.71) and 
total abundance (U = 224.5, P = 0.72) did not differ. 
However, at the infracommunity level, richness and total abundance 
of parasites varied significantly between sampling years (Kruskal-Wallis 
test, n = 77, richness: H(2) = 17.11, P < 0.01; total abundance: H(2) = 
17.71, P < 0.01). The sample from 1999 registered the lowest total 
infracommunity abundance and richness of parasites (Table I). Parasite 
dominance did not show significant differences across years (Kruskal-
Wallis test, n = 77, H(2) = 5.15, P = 0.08), as the average of this 
parameter varied between 0.67 ± 0.31 and 0.79 ± 0.30. 
The parasite species composition and the abundance of each species 
was analyzed through a non-metric multidimensional scaling (NMMDS) 
with the software Primer-E (Clarke and Gorley, 2001). Previous to the 
application of this analysis, the data were organized in a similarity ma-
trix that was calculated using the Bray-Curtis coefficient. Two analyses 
were performed, one for abundance (previously transformed to 10glO[x 
+ 1]) and other for relative abundance of parasites, considering the 
parasitized fish only (n = 95), which includes the data that can be used 
in the NMMDS. The adjustment of the analysis was evaluated by means 
of the Kruskal's stress test and was interpreted in accordance with 
Clarke and Warwick (2001). Subsequently the scores of the first and 
second dimensional axes, which generally show the largest variation 
between groups obtained from the NMMDS for each host specimen per 
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TABLE 1. Parasite taxa of the toadfish A. porosus: site of infection, total number of parasite individuals per taxa (N), prevalence (P, %), mean 
abundance (A), and standard deviation (SD) of parasites found in 101 toadfish collected in 1999, 2006, and 2007 from the intertidal rocky zone. 
1999 (n = 22) 2006 (n 30) 2007 (n = 49) 
Parasite taxa* Sitet N P A (SD) N P A (SD) N P A (SD) 
Digenea DT 
Proctoeces lintoni' 3.3 0.03 (0.18) 14 16.3 0.29 (1.04) 
Cestoda 
Nybelinia Sp.,,2 CC 2 9.1 0.09 (0.29) 3 6.7 0.10 (0.40) 38 34.7 0.78 (1.56) 
Grillotia Sp.2 CC 4.6 0.05 (0.21) 7 14.3 0.14 (0.35) 
Tetraphyllidea gen. sp.' DT 140 59.1 6.36 (12.45) 1,920 80.0 64.00 (67.99) 2,795 87.8 57.04 (62.98) 
Clestobothrium crassiceps DT 5 13.6 0.23 (0.61) 9 23.3 0.30 (0.60) 182 32.6 3.71 (15.27) 
Pseudophyllidea gen. sp. CC 2.0 0.02 (0.14) 
Acanthocephala 
Corynosoma sp. CC 3 13.6 0.14 (0.35) 28 13.3 0.93 (4.38) 22 24.3 0.45 (1.06) 
Polymorphus sp. CC 3.3 0.03 (0.18) 2 4.1 0.04 (0.20) 
Nematoda 
Anisakis Sp.'·2 M,CC 2 4.6 0.09 (0.43) 10 23.3 0.33 (0.66) 81 63.3 1.65 (2.79) 
Pseudoterranova sp. M,CC 22 59.1 1.00 (1.23) 128 80.0 4.27 (5.48) 98 65.3 2.00 (2.53) 
Spirurida gen. sp. DT 2 4.6 0.09 (0.43) 
Hirudinea 
Platybdella chilensis BS 3 13.6 0.14 (0.35) 4 10.0 0.13 (0.43) 8 14.3 0.16 (0.43) 
Total sample (n = 101) 
Mean abundance ::':: SD 8.18 ::':: 12.88 70.13 ::':: 71.45 66.29 ::':: 69.47 
Richness of species ::':: SD 1.82 ::':: 1.01 2.40 ::':: 1.40 3.59 ::':: 1.51 
Selected sample (n = 77) 
Mean abundance ::':: SD 8.18 ::':: 12.88 51.45 ::':: 54.46 62.12 ::':: 63.64 
Richness of species ::':: SD 1.82 ::':: 1.01 2.05 ::':: 1.01 3.45 ::':: 1.60 
* Prevalence of parasite statistically different between years: (1) 1999 and 2007; (2) 2006 and 2007 (see text). 
t Site of infection in the host: BS = body surface, CC = celomic cavity, DT = digestive tract, M = muscles. 
year, were compared by means of a Kruskal-Wallis analysi; (Zar, 1999). 
The relative abundance data had a better fit (stress = 0.07) than the 
abundance of parasites (stress = 0.22), because the similarity distances 
of data were more variable in the abundance of parasites. In fact, when 
the abundance was used, axis scores were significantly different among 
years for the first and second dimension (Kruskal-Wallis test, first axis: 
~2) = 13.42, P = 0.001; second axis: K(2) = 10.57, P = 0.005). How-
ever, when the relative abundance of parasites was used, the 2 axis 
scores were not significantly different among years for the first and 
second dimension (Kruskal-Wallis test, first axis: K(2) = 5.46, P = 0.07; 
second axis: K(2) = 2.56, P = 0.28). 
The parasite composition and NMMDS scores, for the first-dimen-
sional axis representing parasite abundances, are shown in Figure 1. 
The abundances and the position of each species of parasites are on the 
vertical axis against the horizontal axis represented by the host body 
length. The parasite species closer to the majority of the data were in 
most infracommunities. Therefore, a few parasite taxa can be considered 
as common (anisakid nematodes, Nybelinia sp., TetraphylJidea, and 
Corynosoma sp.). The first-dimensional axis showed a great overlap 
between host specimens, so there were no differences between hosts of 
different body lengths (Fig. 1). 
The use of different descriptors is necessary to analyze community 
variation because each of them give different information. In this con-
text the parasite communities of the toadfish has low variation over 
time if we consider parasite composition (parasite identity), dominance 
of parasites (a few taxa were more abundant in all samples), and relative 
abundance (the proportion of parasite species was stable). Nevertheless, 
the same parasite communities of this fish can be determined as highly 
variable because the average abundance of some species, species rich-
ness, and total abundance of parasites differ greatly among years. These 
findings are not unusual because parasite communities that vary over 
time do so in species composition or in their aggregate parameters, but 
not both (see Balboa and George-Nascimento, 1998; Bennet et aI., 1998; 
Gardas et aI., 2001; Diaz and George-Nascimento, 2002; Kennedy and 
Moriarty, 2002; Gonzalez and Oliva, 2006; Campbell et aI., 2007). Con-
sequently those communities with low community variations over time 
are those with little variations in the species composition and in their 
community aggregate descriptors. In any event, those communities with 
dominant species seem to be more constant over time (e.g., Kennedy 
and Moriarty, 2002). However, parasite communities can be within a 
wide range of variation degrees in total abundance, prevalence, and 
species composition; it is difficult to determine when, or at what level, 
the parasite communities significantly change over time (e.g., Gardas 
et aI., 2001; Diaz and George-Nascimento, 2002). 
Based on this premise, Micheli et al. (1999) noted different results 
in community variability based on different descriptors (species com-
position, abundance, and relative abundance). Accordingly they pro-
posed 4 categories for community variability, i.e., stasis, compensation, 
synchrony, and asynchrony. According to the characteristics of these 
categories, the parasite communities of the toadfish are variable over 
time and would be in the synchronic group because these communities 
had low compositional variation oyer time, but they showed great var-
iation in average abundance of parasites among years. However, the 
relative abundance of each parasite species per fish sample kept a sim-
ilar proportion (see Table I) that was also reflected in the low variation 
of the relative abundance of parasites across the 3 yr. The synchronic 
pattern of community variation can occur when species in that com-
munity are responding similarly to abiotic changes. Moreover, it may 
imply a positive relationship between species (Micheli et aI., 1999), 
which is possible in parasite communities of fishes because there is 
much evidence regarding the lack of interspecific competition (e.g., 
Rohde, 1993; Poulin 1998). 
In several studies regarding temporal variations of parasite infracom-
munities, it has been determined that differences in body size of hosts 
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Differential Localization of Libyostrongylus douglass;; (Cobbold, 1882) Lane, 1923 and 
L. dentatus Hoberg, Lloyd, and Omar, 1995 (Nematoda: Trichostrongylidae) in Ostrich 
(Struthio camelus Linnaeus, 1758) Proventriculi 
N. B. Ederli and F. C. R. Oliveira*, Laboratorio de Helmintologia, Departamento de Parasitologia Animal, Instituto de Veterinaria, Universidade 
Federal Rural do Rio de Janeiro (UFRRJ), BR 465, Km 7, Seropedica, RJ, 23890-000, Brazil; *Laboratorio de Sanidade Animal, Hospital 
Veterinario, Centro de Ciencias e Tecnologias Agropecuarias, Universidade Estadual do Norte Fluminense (UENF), Av. Alberto Lamego, 2000, 
Parque California, Campos dos Goytacazes, RJ, 28013-602, Brazil. e-mail: ederli@ufrrj.br 
ABSTRACT: Libyostrongylus is composed of 3 species, L. douglassii, L. 
dentatus, and L. magnus, which are differentiated based on the mor-
phology of the adults worms. Of these, only the first 2 species have 
been described in Brazilian ostriches (Struthio camelus). There are very 
few citations regarding the occurrence of L. dentatus, having been re-
ported only in North America and Brazil, while L. douglassii is distrib-
uted worldwide, Reports on differences in the localization of Libyo-
strongylus species inside the proventriculus are not available, Thirty 
proventriculi were collected and examined for the presence and location 
of the nematodes with the aid of a stereomicroscope, The collected 
parasites were conditioned separately, according to their sites of infec-
tion, in plates containing 0.09% saline solution. The worms were iden-
tified based on morphologic characters. All the examined proventriculi 
were parasitized by L. douglassii and L. dentatus. However, L. doug-
lassii was observed under the koilin layer, while L. dentatus was in-
serted and attached in the koilin layer. Thus, the present study identifies 
different sites of infection by the 2 species of Libyostrongylus found in 
Brazil. 
Libyostrongylus Lane, 1923 was originally described in South Africa 
and is considered an endemic or common parasite of the southern region 
of the African continent (Hoberg et aI., 1995), The genus includes 3 
species, i.e., L. douglassii (Cobbold, 1882) Lane, 1923, L. dentatus 
Hoberg, Lloyd, and Omar, 1995, and L. magnus Gilbert, 1937, which 
are differentiated based on the morphology of the adults worms, Of 
these, only the first 2 species have been described outside the African 
continent. Libyostrongylus dentatus is distinguished from L. douglassii 
and L. magnus by the presence of a prominent esophageal tooth, a 
dorsal ray structure, and the morphology of the female~posterior ex-
tremity (a digitiform tail tip and the presence of a cuticular inflation at 
the level of the anus, sub-lateral vulva, a relatively larger ovejector, and 
by the total length being significantly larger than L. douglassii and L. 
magnus) (Hoberg et al., 1995; Ederli, Bonadiman et aI., 2008). There 
are very few reports of the occurrence of L. dentatus, having been 
reported only in North America (Hoberg et al., 1995) and in Brazil, in 
the northern region of the state of Rio de Janeiro (Ederli, Bonadiman 
et al., 2008; Ederli, Oliveira et aI., 2008). Libyostrongylus douglassii is 
distributed worldwide, having been reported in more than 10 countries 
(Barton and Seward, 1993; Sotiraki et aI., 2001; Ponce Gordo et al., 
2002; Mackereth, 2004; Mukaratirwa et al., 2004; Tisljar et al., 2007; 
Ederli, Bonadiman et al., 2008; Ederli, Oliveira et al., 2008). 
The literature cites L. douglassii as the only species of the genus 
responsible for libyostrongylosis (Craig and Diamond, 1996; Huchzer-
meyer, 1998), with greater than 50% mortality in juvenile birds (Rein-
ecke, 1983). These nematodes are reddish in color; adult parasites can 
be observed under the koilin layer, where they feed on blood. The 
immature forms penetrate deeply into the proventricular glands, ob-
structing its ducts and causing severe inflammation that results in tissue 
necrosis. This can result in extensive mortality among birds (Huchzer-
meyer, 1998). Reports on differences in the localization of Libyostron-
gylus species inside the proventriculus are not available. In addition, 
there is no information regarding the pathogenicity of L. dentatus or 
the localization sites of Libyostrongylus species in the proventriculus. 
The aim of the present study in Brazil was to determine the localization 
sites of the 2 species of Libyostrongylus found on the surface of the 
ostrich's proventriculus and the possible pathology caused by the lo-
calization of these nematodes. 
Thirty proventriculi obtained from adult ostriches (Struthio camelus) 
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of both sexes were collected in a slaughterhouse in the municipal district 
of Quissamii in the north of Rio de Janeiro State, Brazil. Of these, 20 
originated from the municipal district of Tres Rios (in the south Flu-
minense region) and 10 were from Cabo Frio (lower coastline areas of 
Rio de Janeiro State). The proventriculi were collected separately and 
placed in plastic bags, stored in boxes with ice, and sent to the Labor-
at6rio de Sanidade Animal (LSA), Centro de Ciencias e Tecnologias 
Agropecuarias (CCTA), Universidade Estadual do Norte Fluminense 
Darcy Ribeiro (UENF). Collection and analysis of nematodes were per-
formed immediately after the organs arrived at the laboratory in order 
to avoid migration of the parasites to other sites. The proventriculi were 
opened and examined for the presence and location of nematodes with 
the aid of a stereomicroscope. The collected parasites were separated 
according to site of infection (i.e., inserted into the koilin layer or un-
derneath the koilin layer) in Petri dishes containing 0.09% saline so-
lution. After collection, the nematodes were fixed in hot AFA for 48 hr 
and transferred to solution containing 70% alcohol and 10% glycerin. 
The worms were identified using light microscopy. The primary mor-
phological features included total length, presence or absence of prom-
inent esophageal teeth, ovejector length and morphology of the extrem-
ity of the female tail, and structure of the dorsal ray of the copulatory 
bursa and male spiCUles. 
All birds were parasitized by L. douglassii and L. dentatus. There 
were 2 different sites of infection, i.e., some parasites were under the 
koilin layer while others were inserted into the koilin layer (Fig. 1a). 
Most of the worms that were located at the mucosal surface under the 
koilin layer were identified as L. douglassii (Fig. 1b), while nematodes 
inserted into the koilin layer were identified as L. dentatus (Fig. 1c, d). 
A small number of L. dentatus were observed mixed with L. douglassii, 
but these were not inserted into the koilin layer. The proventriculi de-
rived from the municipal district of Cabo Frio were highly parasitized, 
with a predominance of L. douglassii, while animals derived from Tres 
Rios had a small number of L. douglassii in the proventriculi compared 
to the Cabo Frio location, with a predominance of L. dentatus. 
A high occurrence of parasites was observed in the slaughtered ani-
mals in Rio de Janeiro State (100%), an observation that was previously 
suggested by Bonadiman et al. (2006) through fecal exams; they, how-
ever, did not determined the proportion of L. douglassii and L. dentatus 
in the flocks reared in the northern region of Rio de Janeiro State. The 
differential diagnosis of the 2 species of Libyostrongylus was only pos-
sible after the differentiation of the infective larvae, as described by 
Ederli, Oliveira et al. (2008). 
An epizootiological study of these species is currently underway in 
Rio de Janeiro State. We have examined 383 fecal samples from 18 
properties in several regions of the Rio de Janeiro State. To date, we 
have observed an overall mean of eggs per g of feces of 1,120 ± 2,412 
[mean ± S.D. (variance)] (0-19,600) and a mean proportion of 89% ± 
l3.9 (34-100) and 11 % ± l3.7 (P-65) of infective larvae for L. doug-
lassii and L. dentatus, respectively. Thus, a higher parasite load with a 
greater number of L. douglassii relative to L. dentatus has been seen in 
animals from the municipal district of Cabo Frio, whereas the opposite 
was observed in birds of the municipal district of Tres Rios. The low 
parasite numbers and the predominance of L. dentatus in the animals 
from Tres Rios are not compatible with the data observed in the ongoing 
epizootiological study in the State of Rio de Janeiro. However, the small 
parasite numbers may be due to anthelminthic treatment of the animals 
before slaughter. This hypothesis is reinforced by the site of infection 
by L. dentatus, which is inserted in the koilin layer; members of this 
species are possibly less affected than individuals of L. douglassii. The 
latter species is located under the membrane and, thus, more likely 
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ABSTRACT: There are 3 strains of Encephalitozoon cuniculi that occur 
in mammals. Strain III is associated with clinical disease in dogs. al-
though some can be asymptomatic carriers and excrete spores in their 
urine. Several cases of human E. cuniculi infection caused by strain III 
have been observed in immunocompromised patients, indicating that E. 
cuniculi should be considered a zoonotic agent. Encephalitozoon cunic-
uli can cause fatal disease in maternally-infected or young dogs. Clinical 
signs in these animals included blindness, encephalitis, retarded growth 
rate, and nephritis. Encephalitozoon cuniculi has also been associated 
with primary renal failure in adult dogs. The present study used the 
direct agglutination test (DAT, cut-off 1 :50) and the indirect fluorescent 
antibody test (IFAT, cut-off I: I 0) to examine the prevalence of anti-
bodies to E. cuniculi in dogs from Brazil and Colombia. Using the 
DAG, 31 (27.4%) of 113 dogs from Brazil and 47 (18.5%) of 254 dogs 
from Colombia were seropositive. Nine (14.3%) of 63 dogs from Brazil 
and 18 (35.3%) of the 51 dogs from Colombia were seropositive by 
indirect immunofluorescent antibody test. These results indicate that 
dogs from Brazil and Colombia are exposed to E. cuniculi. 
Encephalitozoon cuniculi is a microsporidian parasite of zoonotic im-
portance. Little is known about its prevalence in animals from South 
America. A survey of 559 horses from Brazil demonstrated that 79 
(14.1%) were positive in an indirect fluorescent antibody test and 70 
(12.5%) were positive in a direct agglutination test (Goodwin et aI., 
2006). Nothing is known about the prevalence of this parasite in dogs 
from Brazil or Colombia. Canine encephalitozoonosis causes severe dis-
ease in transplacentally infected puppies (Plowright, 1952; Shadduck et 
aI., 1978; Cole et aI., 1982; McInnes and Stewart, 1991). Clinical signs 
in naturally infected dogs include encephalitis, vasculitis, blindness, and 
renal disease (Botha et aI., 1979; Botha, Stewart, and van Dellen, 1986; 
Stewart et aI., 1988). Dogs have their own genotype (referred to as 
genotype III) of E. cuniculi (Snowden et aI., 1999). Knowledge of this 
genotype has helped in understanding the epidemiology of E. cuniculi 
in humans and other animals. The purpose of the present study was to 
determine the prevalence of antibodies to E. cuniculi in 2 urban canine 
populations from Sao Paulo, Brazil and Bogota, Colombia. 
Samples used in the present study had previously been examined for 
antibodies to Trypanosoma cruzi, Leishmania infantum (Rosypal et aI., 
2007), and Toxoplasma gondii (Dubey, Gennari et aI., 2007; Dubey, 
Cortes Vecino et aI., 2007). Briefly, samples were obtained from 367 
domestic dogs from Brazil and Colombia, South America. One hundred 
and thirteen unwanted dogs (1 yr or older) were killed between Decem-
ber 2005 and April 2006 from Sao Paulo, Brazil. The dogs were own-
erless pets or had been caught by the Municipality of Sao Paulo. They 
were taken to the Center for Zoonosis, Sao Paulo, where the dogs were 
killed by overdose injection of phenobarbital. A total of 254 unclaimed 
ownerless dogs (6 mo or older) was collected between February and 
May 2006 from Bogota, Colombia. After efforts to place the dogs as 
pets failed, they were killed by intravenous injection (Euthanex®, Invet, 
S.A. Bogota, Colombia) by Centro Distrital de Zoonosis, Bogota. 
Blood samples were collected at necropsy. Serum was separated by 
centrifugation, and refrigerated sera were initially sent by air to the 
United States Department of Agriculture Animal Parasitic Diseases Lab-
oratory, Beltsville, Maryland as part of a T. gondii prevalence and ge-
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netic characterization study (Dubey, Cortes Vecino et aI., 2007; Dubey, 
Gennari et aI., 2007). Serum samples were stored at -20 C; frozen sera 
were subsequently sent to the Department of Biomedical Sciences and 
Pathobiology, Center for Molecular Medicine and Infectious Diseases, 
Virginia-Maryland Regional College of Veterinary Medicine, Blacks-
burg, Virginia for serologic testing. The dogs were greater than 6 mo 
of age, or older, but precise ages were unavailable. The sex and breeds 
of the dogs were also not available. 
Two serologic tests were conducted to detect antibodies to E. cunic-
uli. Encephalitozoon cuniculi (ATCC 50502 "canine subtype," Manas-
sas, Virginia) was grown in human foreskin fibroblasts (Hs68, ATCC 
CRL1635, Manassas, Virginia) and the spores were harvested from the 
supernatant. Dog samples from Colombia were screened by the direct 
agglutination test (DAG) (Jordan et aI., 2006) at a dilution of 1:50 in 
phosphate-buffered saline (PBS) using positive and negative control 
samples from a previous experiment as controls for the DAG. When a 
positive dog was identified, it was re-examined by the immunofluores-
cent assay test (IFAT) at a concentration of 1:50. After confirmation 
that it was positive by indirect immunofluorescent antibody test (IFAT) 
and DAG, the sample was used as a positive control for the duration 
of the experiment. All positive and negative dog samples used for sen-
sitivity and specificity analysis were titrated out to I :400; however, a 
I :50 cut-off was used to identify a sample as positive. 
In the DAG, we examined 113 samples from Brazil and 254 samples 
from Colombia. Subsamples, consisting of sera from 63 dogs from Bra-
zil and 51 dogs from Colombia, were examined in the IFAT. Using the 
IFAT as the "gold standard," these samples were used to calculate the 
sensitivity and specificity of the DAG for canine serum. 
The DAG test was conducted as previously described (Jordan et aI., 
2006). Briefly, spores of E. cuniculi were collected and fixed in 2 ml 
of 37% formaldehyde solution for 10-15 sec in a 15-ml conical cen-
trifuge tube and then diluted with PBS (pH 7.4) up to 15 ml and stored 
at 4 C. The antigen solution was prepared by washing the fixed spores 
twice in PBS and then resuspending them in alkaline buffer-eosin so-
lution (7.02 g NaCl; 3.09 g H3B03 ; 24 ml 1 N NaOH; 4 g horse serum 
albumin factor V; 50 mg eosin Y; 1.0 g sodium azide; distilled H20 to 
make 1 L; pH 8.7). Eosin was added to increase visualization of the 
agglutination reaction. Next, 0.5 ml of 0.2 M 2-mercaptoethanol was 
added to each 1 ml of the spore buffer solution to destroy IgM anti-
bodies that might be present in the test serum and to prevent non-
specific agglutination caused by IgM molecules. The DAG test was 
conducted in 96-well round-bottom plates. Test sera were diluted with 
PBS; 25 ,...,1 of serial test dilutions were combined with 75 ,...,1 of antigen 
solution and mixed thoroughly by pipetting up and down several times. 
The plates were covered with parafilm and incubated overnight at 37 C 
in a CO2 incubator. Positive- and negative-control sera were separately 
examined on each plate. The agglutination reactions were read the next 
morning. Diffuse opacity across the entire diameter of the well was 
considered a positive agglutination reaction. A central discrete opaque 
dot or button was considered a negative reaction. 
For the IFAT, 5 X 105 spores were air-dried onto 12-well Teflon-
coated IFAT slides (Fisher Scientific, Pittsburgh, Pennsylvania). The air-
dried spores were fixed in 100% acetone for 30 sec and then stored at 
-20 C until use. Dilutions of dog sera were made at 1:50 in PBS and 
incubated with the antigen-containing slides for 30 min in a humidified 
box. Unbound antibodies were then washed off in 2 changes of PBS in 
a Coplan jar. A 1:2 dilution of fluorescence, labeled anti-dog IgG (KPL, 
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TABLE 1. Prevalence of antibodies to Encephalitozoon cuniculi in dogs. 
Location Status of dogs Number examinedl9'o positive Reference 
South Africa 
Eastern Slovakia 
Great Britain 
Norway 
Norway 
Brazil 
Brazil 
Colombia 
Colombia 
* Indirect fluorescent antibody test. 
t Enzyme-linked inununosorbent assay. 
=;: Direct agglutination test. 
Owned 
Not stated 
Ownerless 
Owned 
Owned 
Ownerless 
Ownerless 
Ownerless 
Ownerless 
Gaithersburg, Maryland), was then added, and the slides were incubated 
for 30 min in a humidified box. Unbound, labeled anti-dog antibodies 
were then washed off in 2 changes of PBS in a Copland jar. Slides were 
mounted using Fluoromount-G (Southern Biotechnology Associates, 
Inc., Birmingham, Alabama). Positive and negative dog sera were used 
as controls in each test. Slides were viewed with an Olympus BX60 
microscope equipped with reflected light epifluorescent optics (Olympus 
America, Inc., Center Valley, Pennsylvania). 
Sera from 31 (27.4%) of 113 dogs from Brazil and 47 (18.5%) of 
254 dogs from Colombia were positive in the DAG. Sera from 9 
(14.3%) of 63 dogs from Brazil and 18 (35.3%) of 51 dogs from Co-
lombia were positive for IgG antibodies to E. cuniculi by IFAT. The 
sensitivity was 68% and the specificity was 89% when the DAG was 
compared to the IFAT. 
We investigated the prevalence of antibodies to E. cuniculi in own-
erless dogs from urban areas of Brazil and Colombia to provide epi-
demiological information on infection of these animals with this zoo-
notic parasite. Few other· studies on the prevalence of E. cuniculi in 
dogs have been reported (Table I). Molecular methods are needed to 
determine what strain of E. cuniculi is present (Didit!T et a!., 1995) 
because we can only say that the dogs in our study were positive for 
antibodies to E. cuniculi. Stewart, Botha, and van Dellen (1979) devel-
oped an IFAT for E. cuniculi. They demonstrated that experimentally 
infected dogs seroconverted 32 to 39 days after infection. When the 
sera from 50 dogs from 2 kennels with confirmed E. cuniculi infection 
were examined in the IFAT, the prevalence of positive samples was 70% 
(Stewart, Botha, and van Dellen, 1979). Stewart et a!. (1986) later dem-
onstrated that experimentally infected dogs seroconvert to E. cuniculi 
in the IFAT by 7 days, and that antibodies persisted for 370 days. 
Our studies on the prevalence of antibodies to E. cuniculi in own-
erless dogs from Brazil and Colombia are similar to those reported from 
owned and ownerless dogs from other countries (Table I). The major 
exception is that no antibodies to E. cuniculi were seen in dogs from 
Norway using an IFAT and an enzyme-linked immunsorbent assay (Ak-
erstedt, 2003a). This is somewhat surprising, because E. cuniculi infec-
tion is a problem in farmed blue foxes (Alopex lagopus) in Scandinavia 
(Akerstedt et a!., 2002). Encephalitozoon cuniculi strain II isolated from 
a blue fox (Akerstedt et a!., 2002) was nonpathogenic for experimen-
tally inoculated blue foxes; however, the animals did seroconvert (Ak-
erstedt, 2003b). The lack of E. cuniculi antibodies in dogs from Norway 
may be due to the strain of E. cuniculi present in domestic and wildlife 
species in Norway. 
The sensitivity of the DAG in mice experimentally infected with the 
same strain of E. cuniculi used in the present study was 86% and the 
specificity was 98% (Jordan et a!., 2006). These values are higher than 
the 68% sensitivity and 89% specificity observed in sera from naturally 
exposed dogs in the DAG in the present study. 
Natural cases of E. cuniculi infection are usually more severe in 
maternally-infected or young puppies. All but I of a litter of puppies 
from Texas died from E. cuniculi infection (Shadduck et a!., 1978). 
Most lesions were in the brain and kidneys. The pups had antibodies 
to E. cuniculi in an IFAT, but their owners did not (Shadduck et a!., 
220/18* 
193/39* 
248/13t 
237/0* 
1104/0-1-
113/27:j: 
63/14* 
254/19:j: 
51/35* 
Stewart, Botha, and van Dellen (1979) 
Hahinova et a!. (2003) 
Hollister et a!. (1989) 
Akerstedt (2003a) 
Akerstedt (2003a) 
Present study 
Present study 
Present study 
Present study 
1978). Botha et a!. (1979) reported on 12 cases of E. cuniculi infection 
in dogs from South Africa; all but I dog was less than I yr old. Clinical 
signs in these dogs included blindness, retarded growth rate, and ne-
phritis. Two clinically normal Staffordshire bull terrier bitches, each of 
which had produced a litter that developed disease caused by E. cunic-
uli, were examined for lesions associated with the parasitic infection 
(Mclnnes and Stewart, 1991). Mild lesions, similar to those described 
from puppies, were observed in the tissues of both dogs. In addition, 
both dogs had antibodies to E. cuniculi, as did a lO-yr-old girl that had 
close contact with I of the infected litters (Mclnnes and Stewart, 1991). 
No antibodies to E. cuniculi were present in the serum of her 2 siblings. 
An association of chronic renal disease and E. cuniculi infection in dogs 
has been demonstrated by Stewart et a!. (1988). They found that 12 of 
52 serum samples from dogs with primary renal failure were positive 
for antibodies to E. cuniculi. Only 2 of 42 control dogs were positive 
for antibodies to E. cuniculi. Renal disease leading to renal failure is 
often a major clinical sign of E. cuniculi infections in dogs (Botha, 
Dormehl, and Goosen, 1986). Stewart, van Dellen, and Botha (1979) 
examined 3 outbreaks of E. cuniculi infection in different kennels in 
South Africa. They reported that puppies often developed a fading syn-
drome, with nervous signs arising in some cases. Stewart, van Dellen 
et a!. (1979) were not able to reproduce disease in immunocompetent 
or immunosuppressed dogs inoculated with E. cuniculi spores collected 
from infected puppies. 
Experimental infections in dogs with E. cuniculi have been reported 
with a variable clinical outcome (Stewart, Botha, and van Dellen, 1979; 
Botha, Stewart, and van Dellen, 1986; Stewart et a!., 1986; Szabo and 
Shadduck, 1987, 1988), but these studies were conducted before there 
were methods to define which strain of E. cuniculi was present. Szabo 
and Shadduck (1987) experimentally infected 12.5-mo-old beagles in-
travenously with 1.75 X 109 viable E. cuniculi spores and monitored 
the dogs for 18 mo; only minor histopathologic lesions were found in 
these dogs. They concluded that adult dogs were able to mount an 
effective immune response to the parasite that limited tissue destruction 
and that the dogs eventually cleared the infection. Neonatal dogs are 
more susceptible to experimental E. cuniculi infection (Szabo and Shad-
duck, 1987). 
Captive tamarins appear to be highly susceptible to disease caused 
by E. cuniculi strain III (Guscetti et a!., 2003; Reetz et a!., 2004; Juan-
Salles et a!., 2006). Fatal disea~e was reported in 2 litters of emperor 
tamarins (Saguinus imperator) infected with E. cuniculi strain III (Gus-
cetti et a!., 2003). Histologic examination revealed systemic vasculitis 
and disseminated mixed inflammatory cell infiltration, with and without 
necrosis, in several organs (Guscetti et a!., 2003). Disseminated E. cu-
niculi strain III infection (Reetz et a!., 2004) was also observed in 2 
captive cotton-top tamarins (Oedipomidas oedipus). Additionally, dis-
seminated encephalitozoonosis in captive, juvenile, cotton-top (S. oe-
dipus) and neonatal emperor (S. imperator) tamarins has been reported 
from zoos in North America (Juan-Salles et a!., 2006). Two of the em-
peror tamarins were less than 1 day old, suggesting that they had been 
infected in utero (Juan-Salles et a!., 2006). Experimental infections of 
vervet monkeys (Cercopithecus pygerythrus) with E. cuniculi spores 
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isolated from dogs have been reported (van Dellen et aI., 1989); E. 
cuniculi-associated disease was produced in non-gravid and late-preg-
nant adults, immunocompetent infants, and in infants that were immu-
nologically compromised by parenteral steroid administration, as well 
as in one infant that was immunologically immature because of its pre-
mature birth (van Dellen et al., 1989). 
Human infections with E. cuniculi strain III are usually in mV-in-
fected individuals (Didier et al., 1996; Mertens et aI., 1997; del Aguila 
et aI., 2001; Weitzel et al., 2001; Tosoni et aI., 2002), or in individuals 
that are immunosuppressed due to organ transplantation (Orenstein et 
al., 2005). The infection is often disseminated, and E. cuniculi strain 
III can be found in a variety of tissues. 
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ABSTRACT: The existence of wild rodents naturally infected by Schis-
tosoma mansoni is a drawback for schistosomiasis control programs. 
As a consequence, it is necessary to have a precise diagnosis of S. 
mansoni infection in wild rodents (water rats; Nectomys squamipes), the 
species seemingly involved in the transmission of schistosomiasis at 
Sumindouro, Rio de Janeiro, Brazil. A total of 78 specimens of N. 
squamipes was captured in an endemic area at Vale do Pamparrao and 
Porteira Verde, Sumidouro, Brazil; 5 more were born in captivity and 
experimentally infected. The sensitivity and specificity of the copro-
logical method of Kato-Katz and serological methods, i.e., enzyme-
linked immunosorbent assay (ELISA) and western blot (WB), were 
compared. The rodents were subsequently killed and necropsied to con-
firm infection. The prevalences observed using ELISA (48%) and WB 
(41 %) were equivalent to those found at necropsy (41 %). The ELISA 
showed a sensitivity of 97% and a specificity of 87%, whereas the WB 
showed a sensitivity of 87% and a specificity of 89%. The Kato-Katz 
method exhibited 50% sensitivity and 100% specificity. The differences 
found among the ELISA, WB, and necropsy, when compared with 
Kato-Katz, may be related to the low sensitivity of the coprological 
method. Serological methods should be used for more reliable epide-
miological information. 
The occurrence of wild rodents naturally infected by Schistosoma 
mansoni makes schistosomiasis control programs difficult. In 1953, nat-
ural infection with S. mansoni in small rodents (Sigmodontinae, Nec-
tomys sp.) was first desc'iibed in Brazil (Amorim, 1953); semi-aquatic 
habits were shown to be important in maintaining the parasite's life 
cycle. Nectomys has 11 species, but only 2 are potential reservoirs for 
schistosomiasis in Brazil, i.e., the water rats N. squamipes .and N. rattus. 
The former species has an important role in the transmission of S. man-
soni, depending on special ecological conditions (Rey, 1993; D'Andrea 
et al., 2000). They occur in semi-aquatic habits, possess interdigital 
membranes, are distributed along water banks, and have a wide geo-
graphic range, some of which is coincident with S. mansoni-endemic 
areas (Bonvicino et al., 2001). They can support the full development 
and transmission of S. mansoni; moreover, they are highly susceptible 
to infection and shed viable eggs (Antunes et al., 1971; Rodrigues et 
aI., 1992; Maldonado et al., 1994). 
The role of N. squamipes in the transmission of S. mansoni in the 
municipality of Sumidouro, Rio de Janeiro, Brazil, has been reported 
in biological, epidemiological, and ecological studies (D'Andrea et al., 
2000). The results showed that levels of infection did not change when 
the human population was treated with anti-schistosome drugs. The 
same study revealed a positive correlation between prevalence of infec-
tion in the rodent and human populations. 
The diagnosis of schistosome infection has been based on copro-
scopic examinations (Katz et aI., 1972), but immunological analysis 
using different assays complement the copro-diagnosis. Furthermore, 
the use of immunological assays for seroepidemiological surveys per-
mits the evaluation of the prevalence of infection in endemic areas; it 
can also be used as a screening test in localities with low prevalence 
(Rabello, 1992). Enzyme-linked immunosorbent assay (ELISA) (Tsang 
and Wilkins, 1997; Valli et aI., 1997; Gomes et aI., 1998) and Western 
blot (WB) (Tsang et aI., 1983; Ruppel et aI., 1985) have been used to 
detect different antibody isotypes (lgG, IgM, and IgA) in the immu-
nodiagnosis of human infection. 
In the present study, we standardized and evaluated ELISA and WB 
assays for the diagnosis of S. mansoni infection in N. squamipes living 
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naturally in Sumidouro streams, and we compared their results with 
those obtained by coprological and necropsy methods. We also evalu-
ated the kinetics of antibody production using serum samples obtained 
from experimentally infected rodents. 
The study was conducted in the adjacent Pamparrao and Porteira 
Verde valleys in Sumidouro, Rio de Janeiro State, Brazil. Nectomys 
squamipes were captured from April 1997 to August 1999 (twice each 
year). All the capture lines were established along water courses and 
flooded areas, with live wire traps set at 13-m intervals. Seventy-eight 
N. squamipes were caught, then moved to Laborat6rio de Biologia e 
Controle da Esquistosomose (Departamento de Medicina Tropical do 
Instituto Oswaldo Cruz - Fiocruz, RJ, Brazil), where coproscopic ex-
amination and necropsy were undertaken for all animals (IBAMA, 
CEUA P-0076-011L-030-07IFIOCRUZ). The diagnosis of schistosome 
infection was based on the Kato-Katz method (Katz et aI., 1972); the 
mean number of eggs per g of feces was calculated. The determination 
of worm burden was made through a perfusion technique (Smithers and 
Terry, 1965). 
A kinetic study of antibody production was made by experimental 
infection of 4 N. squamipes born, raised, and maintained in captivity. 
All rodents were infected with 250 cercariae of S. mansoni (BH strain) 
by intraperitoneal route; blood samples were obtained every week for 
2 mo. For the ELISA test, adult S. mansoni were obtained through 
portal-hepatic perfusion of Swiss Webster mice after 6 wk of infection. 
Schistosoma mansoni-soluble worm membrane antigen (SWMA) was 
prepared following the procedure described by Gon~alves et al. (2006). 
The IgG anti-No squamipes was obtained from rabbit serum immunized 
with IgG from N. squamipes and conjugated with peroxidase, as de-
scribed by Nakame and Kawaoi (1974) and as modified by Camargo et 
al. (1987), using sodium metaperiodate-NaI04 (Sigma, St. Louis, Mis-
souri) and Sephadex G-25 column (Pharmacia Fine Chemical, New 
York, New York). ELISA-SWMA and WB-SWMA were performed ac-
cording to Gon~alves et al. (2006) and standardized for N. squamipes 
serum samples. Antigen at a concentration of 5.0 f.Lglml in 0.06 M 
carbonate buffer, pH 9.6, was selected as the concentration for use in 
ELISA. Dilutions for serum and enzyme conjugate (peroxidase-labeled 
rabbit anti-No squamipes immunoglobulin G) were 1:100 and 1:1,000, 
respectively. Each assay was standardized by including a standard pos-
itive sample and a standard negative sample chosen from the positive 
and negative controls. The relationship between cut-off value and 10 
negative control results was established as follows: cut-off = mean ± 
3 standard deviations. The results were expressed in a unit defined as 
an immunoenzymatic unit (lEU), which reflected the percentage of the 
test-sample reactivity in relation to the cut-off arbitrarily set as 1.00 
lEU. WB-SWMA was done after electrophoresis, and electrotransfer 
was performed in a vertical system (mini-Protean II dual slab gel cell, 
Bio Rad Laboratories Inc., Hercules, California). The following reagents 
were used: SWMA (35 f.Lg per well), N. squamipes serum samples (di-
luted 1:100), and enzyme conjugate (peroxidase-labeled rabbit anti-No 
squamipes immunoglobulin G, diluted 1:300). Data were entered using 
EPI-INFO 6.0 (CDC, 1997) to perform the Chi-square (X2 ) test. The 
confidence level was set at 95%. 
Among the 78 captured N. squamipes, 40 (51.2%) were positive for 
schistosomiasis using all diagnostic methods. The results obtained by 
ELISA (48%) and WB (41 %) methods correlated well with necropsy 
findings (41%), which were considered the 'gold standard.' ELISA 
showed 97% sensitivity and 85% specificity, whereas the WB presented 
87% and 89%, respectively. However, coprological examinations pre-
sented a sensitivity of 50% and a specificity of 100%. The quantity of 
S. mansoni eggs excreted in the feces, and the number of worms, varied 
greatly among the animals. From 16 positive rodents examined by the 
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ABSTRACT: Cases of visceral leishmaniasis, one of the most neglected 
tropical diseases, are increasing globally. Dogs are considered an im-
portant reservoir host for visceral leishmaniasis in people. The first cas-
es of human visceral leishmaniasis in Vietnam have recently been re-
ported. Blood samples were collected from 41 dogs in rural Vietnam. 
Sera were examined for antibodies to visceralizing Leishmania spp. by 
canine immunochromatographic strip assays based on recombinant K39 
antigen. Antibodies to Leishmania spp. were not detected in any of the 
dogs tested. Results from this study suggest that rural dogs are not likely 
to be involved in the emergence of human visceral leishmaniasis in 
Vietnam. 
The leishmaniases are a group of protozoan diseases caused by Leish-
mania spp. and transmitted by phlebotomine sand flies. Most species 
of Leishmania are pathogenic for humans and other mammals. Visceral 
leishmaniasis (VL) is a systemic clinical syndrome characterized by a 
range of symptoms including fever, lymphadenopathy, and hepato-
splenomegaly. There are 2 main types of VL, and both are caused by 
infection with parasites in the Leishmania donovani complex. In the 
Indian subcontinent and in East Africa, anthroponotic VL results from 
infection with L. d. donovani, and L. d. infantum is the etiological agent 
of zoonotic VL. Dogs are a major reservoir host for L. d. infantum in 
parts of Europe, Latin America, and North Africa (Chappuis et al., 
2007). 
Worldwide, there are approximately 12 million people with leish-
maniasis, and 500,000 new cases of VL are diagnosed annually (Des-
jeux, 2004). Leishmaniasis is widespread in many parts of the tropics 
and subtropics. The distribution of this disease, however, is changing 
rapidly, and the number of cases of all forms of leishmaniasis is in-
creasing at an alarming rate (Shaw, 2007). Indeed, leishmaniasis has 
been reported in many regions of the world where it was not found 
previously (Shaw, 2007). Economically poor communities in parts of 
East Africa and India are particularly affected by VL (Chappuis et ai., 
2007), but leishmaniasis was not considered an endemic disease in 
southeast Asia. In 2002, however, VL was diagnosed for the first time 
in Vietnam in 3 HIV-positive women (Taverne, 2002) The species of 
Leishmania was not reported in these infections, and little information 
regarding leishmaniasis in Vietnam is available. The objective of the 
current study was to determine the serum antibody prevalence of Leish-
mania spp. in dogs from Vietnam. 
Blood samples were collected from 41 dogs in 7 rural provinces. Four 
provinces (Binh Phoc, Binh Duong, Dong Nai, Tay Ninh) are east of 
Ho Chi Minh City and 3 (Tien Giang, Ben Tre, and Long An) are in a 
rural area west of Ho Chi Minh City. The dogs were local breeds, and 
both males and females were sampled. Each dog originated from a 
separate home, and dogs ranged in age from 1 to 4 yr old. Dogs in rural 
Vietnam are raised for protecting homes, and the excess guard dogs are 
sold for human consumption. As part of a Toxoplasma gondii genetic 
characterization study (Dubey et al., 2007), the dogs were purchased 
from individual households. A veterinarian killed the dogs by overdose 
injection of sodium thiopental, and blood samples were collected at 
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necropsy. Serum was separated and stored at -20 C prior to testing for 
antibodies to Leishmania spp. 
Sera were examined by the commercially available immunochroma-
tographic dipstick assay for qualitative antibody detection according to 
the manufacturer's test procedure. The tests are based on recombinant 
antigens and have been developed into a dipstick format. It is currently 
considered the best field diagnostic tool available for detecting VL in 
remote locations (Chappuis et ai., 2007). Canine sera were tested for 
antibodies to recombinant K39 (Kalazar Detectllll> Canine Rapid Test, 
InBios International Ltd., Seattle, Washington), which is an amastigote 
protein specific to visceralizing Leishmania spp. (Burns et ai., 1993). 
Positive and negative Leishmania control sera were obtained from dogs 
serologically and culture-proven to be infected and uninfected, respec-
tively. 
Antibodies to Leishmania spp. were not detectable in any of the 41 
canine sera; thus, there was no serologic evidence of exposure to vis-
ceralizing Leishmania spp. in dogs from rural Vietnam. Nonetheless, 
the distribution of the leishmaniases is expanding into new geographic 
regions. Reports from Vietnam, and a subsequent case of indigenous 
leishmaniasis in Taiwan (Wang et al., 2008), highlight the emergence 
of leishmaniasis in areas of Asia where it was not previously found. 
Results from the present study suggest that dogs are likely not involved 
in the emergence of human VL in Vietnam. Continued surveillance, 
however, is needed to provide a mechanism to detect the spread of VL 
in a new geographical location and to prevent its emergence in a res-
ervoir host. 
This work was supported by a grant from the Bill and Melinda Gates 
Foundation to RRT. 
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ABSTRACT: Parasitological examination of samples from tombs of the 
Korean Joseon Dynasty (l392-191O) could be helpful to researchers in 
understanding parasitic infection prevalence in pre-industrial Korean so-
ciety. Whereas most of our previous parasitological studies revealed the 
presence of ancient parasite eggs in coprolites of Korean mummies, a 
sample from a man living in late 17th century Korea proved to be 
relatively unique in possessing what appeared to be several species of 
parasite larvae. The larvae identified included Strongyloides stercoralis 
and Trichostrongylus spp., along with eggs of Ascaris lumbricoides, 
Trichuris trichiura, and Paragonimus westennani. Since ancient para-
site larvae retain enough morphology to make proper species identifi-
cation possible, even after long burial times, the examination of parasite 
larvae within ancient samples will be conducted more carefully in our 
future work. 
The rapid social changes attendant on industrialization were experi-
enced by Koreans only in the latter half of the 20th century, which is 
quite late compared with societies of other developed countries. There-
fore, even though remains or artifacts collected from tombs constructed 
about 100-500 yr ago are not so old by most standards, they provide 
information invaluable to an understanding of Koreans' pre-industrial 
public health status. 
The remains found in the tombs encapsulated by a lime soil mixture 
barrier (LSMB) are such examples; LSMB tombs in Korea were com-
monly constructed from the 15th to 19th centuries (Koh, 2006). As seen 
in our previous reports (Shin, Choi et al., 2003; Shin, Youn;t al., 2003; 
Chang, Uhm, Park, Kim, Lee, Cho, Chung, and Shin, 2006; Chang, 
Uhm, Park, Kim, Lee, Cho, Kim et al., 2006; Kim et al., 2006; Lee et 
al., 2007), the preservation status of biological remains, i.e., mummies, 
from LSMB tombs typically is very good. Above all, the occurrence of 
parasite eggs in coprolites recovered from the intestines of Korean 
mummies was the most interesting finding (Seo et al., 2007, 2008). 
Briefly, in the feces of a 15th-century child mummy from Yangju, we 
found eggs of Clonorchis sinensis, A. lumbricoides, and T. trichiura 
(Seo et al., 2007). We also reported the presence of trematode eggs, 
including those of C. sinensis, Metagonimus yokogawai, and Gymno-
phalloides seoi, from the feces of a female mummy in Hadong (Seo et 
al., 2008). We performed a scanning electron microscopy (SEM) study 
on the latter to develop a better understanding of the taphonomy of 
ancient parasite eggs (Shin et al., 2009). The finding of ancient parasite 
larvae at the Gongju site has permitted us to extend our knowledge of 
paleoparasitology in pre-industrial Korea. This information forms the 
basis for the present report. 
A tomb found in Gongju, Korea, exhibited the typical structure of a 
tomb constructed during the Joseon Dynasty of Korea, i.e., the presence 
of coffin(s) perfectly encapsulated by LSMB. When we penetrated the 
LSMB, 2 coffins, possibly those of husband and wife, were found with-
in the same burial pit. As the husband was buried on the right side 
during the Joseon Dynasty, coffin #1-1 could be that of the wife and 
#1-2 the coffin of the husband. The sample for the present study was 
collected from #1-2. The archaeologically estimated construction date 
was the late 17th century to the early 18th century for coffin #1-2. 
After the body from coffin #1-2 was moved to our lab, we performed 
sampling carefully to minimize contamination. The archaeological in-
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formation and sampling procedures are summarized in our Supplemen-
tary Data (http://plaza.snu.ac.kr/-oxmanlSupplementaryDataforJP.pdf). 
A parasitological analysis was performed on the samples spread upon 
the hip bones and negative control samples (soil from the intra-coffin 
space of #1-1; outside soils around the tomb). All of the samples were 
rehydrated in 0.5% trisodium phosphate solution (Van Cleave and Ross, 
1947; Pike, 1968; Han et al., 2003; Reinhard et al., 2003), and were 
shaken several times a day for 1 wk to ensure rehydration of any par-
asite eggs that might be present. After the rehydration, samples were 
filtered through several layers of gauze and precipitated for 1 day, with 
the upper turbid layer being discarded. Next, the precipitates were dis-
solved in 10% neutral buffered formalin, and then were pipetted onto 
a microscopic slide. Finally, we searched the slides for the presence of 
eggs using a light microscope (Olympus, Tokyo, Japan). We screened 
for the presence of parasite eggs with X 100 magnification and took 
photomicrographs at X400 magnification. 
In our paleo-parasitological examination via light microscopy, we 
found various species of parasite eggs and larvae. Among the latter 
were larvae of presumptive S. stercoralis. The size was approximately 
365 /Lm in length and 19.8 /Lm in width (Figs. 1A-C). The larvae were 
surrounded by a thin, transparent sheath. The esophagus made up nearly 
one-third of the body length (Fig. 1A). The buccal cavity was shallow 
(dotted circle in Fig. 1B), followed by a typical rhabditiform esophagus. 
The internal structure of the nerve ring could also be identified (Fig. 
1B). The anus was observed on the lateral edge of the posterior portion; 
the length from the anus to the tip of the tail was 77.5 /Lm (Fig. 1C). 
We could not find any notch in the pointed tail end. The genital pri-
mordium was easily discernable (Figs. lA-C). 
In addition, we found larvae belonging to other species (Fig. 1D). 
These larvae were very similar in shape to that of S. stercoralis. They 
had long, slender tails, were 330-372.5 /Lm in length, and 17.5-22.5 
/Lm in width. However, they also possessed several unique morpholo-
gies that differed from S. stercoralis. The length of their buccal cavity 
was much greater than that of S. stercoralis, and a bead-like swelling 
was observed in the caudal tip of a long, slender tail (Fig. 1D). This 
character is known to be unique to rhabditiform larvae of Trichostron-
gylus spp. (Garcia, 2001). 
We also found another type of larva that exhibited a different mor-
phology (Figs. IE-G). These were 240-330 /Lm in length and 15-32.5 
/Lm in width (Fig. IE). However, they had short, blunt tails (26-36 /Lm) 
(Fig. IF). The lips also formed a defined oral protuberance (Fig. 1G). 
Even though this might have been a human parasite larva infecting our 
subject, the species could not be easily differentiated. 
Various human parasite eggs could also be identified (Figs. IH-K). 
Briefly, eggs of A. lumbricoides (length, 57.5-72.5 /Lm; width, 50 /Lm), 
T. trichiura (length, 50-52.5 /Lm; width, 27.5-35 /Lm), and P. wester-
mani (length, 80-82.5 /Lm; width, 50-55) were found in the sample. 
The sizes and morphologies for each of them well matched the known 
features of each species (Beaver et al., 1984). We also identified parasite 
eggs that were 34-35 /Lm in length and 17-20 /Lm in width (Fig. lI). 
No eggs or larvae were observed in any of the control samples (Table 
I). 
Our previous studies of parasite eggs were performed mainly on Ko-
rean mummies (Seo et al., 2007, 2008). These bodies were enclosed in 
many pieces of cloth, therefore resembling bandage-wrapped Egyptian 
mummies. Thus, we could obtain the coprolites directly from the inner 
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TABLE 1. Results of paleo-parasitological examinations. 
Sample Name 
Soil upon the surfaces of hip bone and sacrum from #1-1 
Soil within the coffin of # I-I 
Soil upon the surfaces of hip bone and sacrum from #1-2 
Surface soil of #1-1 and #1-2 
Results 
Negative 
Negative 
Positive 
Negative 
surfaces of the mummified intestines without fear of contamination by 
outside soils. It is not true, of course, that all LSMB tombs include 
well-preserved mummies. Indeed, most tombs had only skeletons after 
the overwrapped clothes were removed. However, even in these cases, 
the skeletons or soft tissue remnants had not been contaminated by 
outside soil, owing to the encapsulating LSMB, coffin(s), or clothes 
wrapped around the bodies. Based on these conditions, there is hope 
for success in acquiring samples with little or no contamination from 
outside soil if those samples can be collected cautiously in the lab. Our 
routine for collecting paleo-parasitological samples was designed to ac-
commodate such needs. Above all, where possible, we try to obtain 
computed tomography images to confirm how well samples are encased 
within coffins and, thereby, protected from contact with outside 
soils. (See our Supplementary Data: http://plaza.snu.ac.kr/~oxmanJ 
SupplementaryDataforJP.pdf.) We prefer to unwrap mummies in the lab, 
using the expertise of garment specialists wearing sterilized gowns, 
masks, head caps, and gloves. Sampling is performed only after the hip 
bones or sacrum are successfully exposed. Routine examinations on 
negative control soils, i.e., soils immediately adjacent to the tombs, help 
to provide additional authentication by confirming the absence of any 
parasite eggs or larvae in those soils. 
In the present study, we were able to find, and tentatively identify, 
larvae of at least 2 nematode species. For example, like Reinhard et al. 
(1987), we were able to find S. stercoralis larvae. This nematode pres-
ently infects 30-100 million people in 70 different countries (Genta, 
1989; Jorgensen et al., 1996; Siddiqui and Berk, 2001). Although the 
prevalence of this nematdde is quite low in Korea, some 37 cases of 
human strongyloidiasis have' been recorded since 1945 (Kim et al., 
2003). Based on careful perusal of the literature, we found that reports 
of Strongyloides sp. at archeological sites throughout the wqcld are rare, 
although Strongyloides ferreirai larvae have been found in rodent cop-
rolites in Brazil (Araujo et al., 1989), and an unidentified species of 
Strongyloides was found in the intestines of an Egyptian mummy 
known as Asru (Tapp, 1979). 
Differentiating the larvae species by microscopic techniques is al-
ways difficult, because their morphologies are so similar. Even so, the 
rhabditiform larvae of Trichostrongyloides spp. could be confirmed, 
based on a unique combination of morphological features (i.e., the long, 
slender tail; body length and width; a long buccal cavity; and the bead-
like swelling at the caudal tip of the long, slender tail) (Garcia, 2001). 
Regarding the parasite eggs found in this mummy, species were eas-
ily identified by their unique sizes and morphology, with the exception 
of eggs that measured 34-35 /Lm in length and 17-20 /Lm in width. 
These eggs may be those of Capillaria philippinensis. However, con-
sidering that the cases of intestinal capillariasis in Korea are very rare, 
with just a few reports (Lee et al., 1993; Hong et al., 1994), the presence 
of eggs of Capillaria spp. in this sample should be further investigated. 
In our previous investigations on ancient samples, we found various 
human parasite eggs in the coprolites of Korean mummies, but no larvae 
(Seo et aI., 2007, 2008). In the present effort, however, we were able 
to find and tentatively identify larvae of at least 2 species of nematode. 
Since ancient parasite larvae retain enough morphology to allow proper 
species identification, the examination of parasite larvae within ancient 
samples from Korea will be conducted more carefully in our future 
studies. 
D. H. Shin and M. Seo contributed equally to this study. Queries 
regarding cultural or archaeological aspects of this study should be di-
rected to D. H. Shin (drdoogi@snu.ac.kr). We especially thank the 
Chungnam Institute of History and Culture for generously permitting 
our scientific investigation of the invaluable subject. This study was 
funded by a Korea Research Foundation Grant (KRF-2007-313-
E00019) administered by the Korean Government (MOEHRD). 
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ABSTRACT: Previous studies have indicated that a molecule with cy-
tokine activity, possibly an interleukin-l-like (IL-l) molecule, plays a 
role in the killing of larval stages of the blood fluke Schistosoma man-
soni in the snail host Biomphalaria glabrata. The purpose of the present 
experiment was to test the effects of recombinant-human lL-l[3 (rhIL-
1(3) on embryonic B. glabrata (Bge) cell motility to determine whether 
the cells respond to the cytokine. Response was measured using a var-
iation of a chemokinetic assay in which cells in culture were separated 
from variable concentrations of rhIL-1[3 by a semi-permeable membrane 
containing pores to allow migration. A double staining technique was 
developed to ascertain cell movement across the membrane. The num-
ber of cells moving across the membrane significantly increased in a 
concentration-dependent manner relative to the presence of increasing 
amounts of rhIL-l[3 below the membrane. The number of cells that 
moved across the membrane increased until a threshold was reached, 
after which migration decreased. Further, the rhIL-l[3-mediated increase 
in Bge cell migration across the membrane was abrogated by the ad-
dition of lL-1 receptor antagonist protein. These data indicate that Bge 
cells respond specifically to rhIL-l[3. As such, these data also indicate 
that Bge cells may serve as a useful model for elucidation of the role 
of cytokines or cytokine-like molecules in the snaiVschistosome rela-
tionship. 
Previous studies have indicated that a molecule with cytokine-like 
activity, possibly lL-l, plays a role in the activation of immunodefense 
cells (hemocytes) in the snail host (B. glabrata) of the human blood 
fluke S. mansoni (Granath et aI., 1994; Connors et aI., 1995). Cytokines, 
cytokine-like molecules, and cytokine receptors identified via immu-
nohistochemistry, enzyme-linked immunoassay, cytochemical, and cy-
tomorphological studies in ,a variety of invertebrates (molluscs, insects, 
echinoderms, and urochordates) include IL-1a-, IL-1[3-, IL-2-, IL-
6-, IL-8-, IL-17-, and tumor necrosis factor (TNF)a-like molecules, 
as well as receptors for lL-l[3 and IL-8 (Beck and Habicht, 1986; Beck 
et aI., 1989; Hughes et aI., 1990; Ottaviani et aI., 1993; Gr:!nath et aI., 
1994; Raftos et aI., 1998; Ottaviani et aI., 2000; Roberts et aI., 2008). 
Interestingly, both lipopolysaccharide and IL-2 activate signaling path-
ways in the mussel Mytilus galloprovincialis (Novas et aI., 2004), 
whereas only IL-2 induced nitric oxide synthesis in M. galloprovincialis 
hemocytes, indicating that molluscan cells upregulate specific responses 
to the lL-2 cytokine (Cao et aI., 2004). Further, diverse studies now 
indicate that cytokines play an important, functionally conserved role 
both in the response of invertebrates to infection and in the modulation 
of the invertebrate neuroendocrine and neuroimmune systems (Connors 
et aI., 1995; Ottaviani and Franchini, 1995; Clatworthy, 1998; Connors 
et aI., 1998; Ottaviani et aI., 2000; Lelong et aI., 2007; Roberts et aI., 
2008). With the rare exception of the use of an insect cell line (Wittwer 
et aI., 1999), the detection and elucidation of the role of cytokines or 
cytokine-like molecules in invertebrates has almost exclusively involved 
the in vitro use of short-term hemocyte or neuronal cell cultures (e.g., 
Novas et aI., 2004). In molluscs, particularly in B. glabrata, the lack of 
a demonstrably useful cell line for the in vitro study of cell-cell inter-
actions has substantially limited the study of the parasite-host interac-
tion, primarily because of the limited numbers of hemocytes available 
from live animals and the limited time over which these cells can be 
successfully cultured (42-78 hr; see Lodes et aI., 1991). 
Whereas statistical and methodological techniques are available for 
the handling of the relatively small numbers of hemocytes commonly 
obtained from B. glabrata for immunological and functional assays 
(e.g., Connors and Yoshino, 1990), the ease of handling and number of 
cells offered by the availability of a useful cell line model could ease 
the deciphering and analysis of the cytokine and signaling pathways 
involved in determining susceptibility and resistance to S. mansoni in-
fection in this important vector. Since IL-l[3 has been implicated in the 
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killing of S. mansoni in B. glabrata (Connors et aI., 1998), and because 
IL-l-like molecules have been shown to effect blood cell motility in 
other invertebrates (e.g., Raftos et aI., 1998), the purpose of the present 
work was to determine whether the readily available and easily main-
tained B. glabrata embryonic cell line (Bge-cell line: American Type 
Culture Collection #CRL 1494, Manassas, Virginia) might exhibit in-
creased chemokinesis in response to the presence of IL-l[3 and thus 
provide evidence to support the usefulness of this cell line in the elu-
cidation of the role of snail cytokines or cytokine-like molecules in the 
maintenance of susceptibility and resistance in this parasite-host system. 
To determine whether IL-l[3 affected Bge cells, a motility assay was 
developed using Falcon Cell Culture Inserts (Falcon, Franklin Lakes, 
New Jersey) containing a semi-permeable polyethylene terephthalate 
membrane with 3.0-J.Lm diameter pores and a pore density of 2.6 X 106 
pores/cm2. Inserts were placed in matching 24-well tissue culture plates 
(Falcon) to establish a partition between the upper and lower portions 
of wells. This set-up allowed culturing of cells in Bge medium (Hansen, 
1976) above the membrane, separate from rhIL-l[3 supplemented media 
below. Accordingly, the number of cells migrating through the pores in 
response to variable concentrations of the cytokine could then be de-
termined. Initially, 700 J.Ll of complete Bge (CBge) medium (5% fetal 
bovine serum [FBS]) were added below the membrane, while 300 J.Ll 
of CBge medium containing Bge cells cultured under standard condi-
tions was added above the membrane. Plates containing 6 inserts, set 
up as described above, were incubated at 25 C for 24 hr to allow the 
cells to settle onto the membranes. Following incubation, different 
quantities of rhIL-1[3 (R&D Systems, Minneapolis, Minnesota) were 
added to the medium below the different membranes and the plate was 
once again incubated for 24 hr at 25 C to allow cells to migrate. Each 
plate of inserts contained 2 controls and 4 treatments consisting of 100 
U (0.50 ng), 500 U, 1,500 U, or 3,000 U of rhIL-l[3 diluted, respec-
tively, in 5, 10, 30, and 60 J.Ll of a carrier solution (l00 roM Tris buff-
ered saline, pH 7.4) containing 0.1 % bovine serum albumin added to 
the medium below the membrane of the 4 respective inserts. One con-
trol consisted of the addition of carrier buffer alone (60 J.Ll) added to 
the medium below the membrane of I insert. A second control consisted 
of medium alone (not containing rhIL-l[3 and not containing carrier 
buffer) below the membrane. 
Following the second incubation, inserts were removed from the 
wells and immediately fixed and differentially stained for microscopic 
determination of the location of cells above or below the membrane. 
Fixation consisted of a 60-sec immersion of the insert in 100% meth-
anol. Following fixation, 6 drops of eosin were added to the top of the 
membrane, which was then immediately rinsed with deionized water. 
Following the rinse, the underside of the insert was immediately im-
mersed in Coomassie Blue for 6 sec, after which it was rinsed imme-
diately with deionized water. Membranes were air dried for 24 hr, coded, 
labeled, and randomized for analysis. Stained membranes from inserts 
were observed and cells were counted, without knowledge of the treat-
ment applied, using a calibrated inverted light microscope. The staining 
procedure allowed determination of cell location by color. On each 
membrane, cells were counted by moving the field of view from side 
to side and through the center of the. membrane until a total of 200 cells 
were counted. The assay was repeated 7 times with 6 treatments per 
assay; cells for all treatments within the same assay were obtained from 
the same tissue culture flask and the medium used for each experiment 
came from the same batch. 
An IL-1 receptor antagonist (IRAP-R&D Systems) was employed 
to determine whether the results observed in the motility assays were, 
in fact, due to the specific activity of IL-1. In this test, 4 treatments 
were used in each assay. Assays were performed as described above, 
with only the treatments below the membrane differing. The assay was 
repeated 5 times. The first treatment (control) was with medium alone 
below the membrane. The second treatment consisted of 1,500 U (7.5 
ng) of IL-l (the treatment in which the greatest response was observed 
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co-culture larval stages of several important trematodes, including S. 
mansoni (Cousteau and Yoshino, 2000). The data presented here indi-
cate that this cell line may also serve as a valuable tool in deciphering 
the role of cytokine or cytokine-like molecules in the determination of 
susceptibility and resistance in the S. mansoni-B. glabrata parasite-host 
system. Present work is focusing on the upregulation of cytotoxic mech-
anisms in Bge cells using IL-113 and other cytokines as well as in the 
isolation of parasite products that downregulate these mechanisms. It is 
significant that while there is both functional and biochemical evidence 
for an IL-l-Iike molecule in B. glabrata, there is no direct evidence for 
the presence of IL-I itself in B. glabrata at this time, and functional 
studies with snail-derived candidate cytokine factors must await the 
identification of actual cytokine candidates identified either experimen-
tally or via sequence data from this important host. 
We acknowledge Drs. Isaure de Buron and Jeanne Kowalczyk for 
their assistance in developing the staining protocol. This research was 
supported in part by grants to Y.A.C. from the National Institutes of 
Health (Grant AI3412202) and the Teaching and Productive Scholarship 
Committee at USC-Upstate. 
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ABSTRACT: An immunochromatographic assay (Chagas Stat-Pak@) 
was evaluated for the detection of Trypanosoma cruzi antibodies in 4 
species of wildlife reservoirs. Antibodies to T. cruzi were detected in 
raccoons (Procyon lotor) (naturally and experimentally infected) and 
degus (Octodon degu) (experimentally-infected) using the Chagas Stat-
Pak. In naturally exposed wild raccoons, the Chagas Stat-Pak had a 
sensitivity and specificity of 66.7-80.0% and 96.3%, respectively. Com-
pared with indirect immunofluorescent antibody assay results, serocon-
version as determined by Chagas Stat-Pak was delayed for experimen-
tally infected raccoons, but occurred sooner in experimentally infected 
degus. The Chagas Stat-Pak did not detect antibodies in naturally or 
experimentally infected Virginia opossums (Didelphis virginiana) or in 
experimentally infected short-tailed opossums (Monodelphis domesti-
ca). These data suggest that the Chagas Stat-Pak might be useful in 
field studies of raccoons and degus when samples would not be avail-
able for more-conventional serologic assays. Because this assay did not 
work on either species of marsupial, the applicability of the assay should 
be examined before it is used in other wild species. 
Trypanosoma cruzi, the etiological agent of American trypanosomi-
asis, or Chagas' disease, is an important medical and veterinary path-
ogen. In some hosts, such as humans and dogs, T. cruzi may cause fatal 
myocarditis during the chronic phase of the disease. Although an esti-
mated 10-12 million people are infected in Latin America, autochtho-
nous human infections in the United States are rare, with a total of only 
6 cases having been reported from California, Louisiana, Texas, and 
Tennessee since 1955 (Woody and Woody, 1955; Navin et aI., 1985; 
Herwaldt et al., 2000; born et aI., 2007). However, T. cruzi infection 
in domestic dogs has been reported from Texas, Louisiana, Oklahoma, 
Georgia, South Carolina, and Virginia (see Meurs et al., 1998; Kjos et 
aI., 2008). 
In contrast, reports of T. cruzi in wildlife, e.g., raccoons and opos-
sums, are relatively common (John and Hoppe, 1986; Yabsley et aI., 
2001; Brown, 2008), although disease in these reservoirs is rare. Several 
techniques have been utilized to determine the prevalence of T. cruzi 
in wildlife species, i.e., direct examination of blood; culture of blood 
or tissues, or both; polymerase chain reaction (PCR) testing of blood 
or tissues, or both; and serology (McKeever et aI., 1958; John and 
Hoppe, 1986; Yabsley et aI., 2001; James et al., 2002). The majority of 
previous studies have used hemoculture or the direct examination of 
blood to determine prevalence. These methods underestimate preva-
lence, because parasitemia decreases during the chronic stage of the 
infection. Serological testing is considered the most sensitive assay for 
determining prevalence, because antibodies to T. cruzi persist during 
the chronic phase (Yabsley et aI., 2001; Yabsley and Noblet, 2002a). 
For example, prevalence of T. cruzi in raccoons (> 10 raccoons tested) 
from the southern United States, based on culture, ranged from 15-43% 
(Karsten et aI., 1992; Pung et aI., 1995; Pietrzak and Pung, 1998; 
Yabsley and Noblet, 2002a; Brown, 2008), while the prevalence based 
on serologic testing (indirect immunofluorescent antibody test, IFA) was 
33-70% (Yabsley et al., 2001; Hancock et aI., 2005; Brown, 2008). 
Rapid immunochromatographic assays for T. cruzi have been devel-
oped and validated for use in humans and dogs (Luquetti et aI., 2003; 
Ponce et al., 2005; Cardinal et al., 2006), but have not been corroborated 
for use in other mammalian hosts. In general, these assays utilize a dye 
bound to an antibody-binding protein, e.g., protein A or G, which to-
gether will bind to all antibodies present in serum, plasma, or a blood 
sample. If antibodies specific to the recombinant antigens are present 
in a sample, then this protein-dye-antibody complex will be visualized 
as a colored band or a spot. 
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The Chagas Stat-Pak@ (Chembio Diagnostics Inc., Medford, New 
York) utilizes a combination of several recombinant antigens specific 
for T. cruzi (antigens described by Umezawa et al., 2003). For humans 
and dogs, these assays have high sensitivity and specificity and, if val-
idated for wildlife reservoirs, would provide a field-friendly assay that 
is rapid, simple, and stable at room temperature, and that can be run 
with small quantities of blood, plasma, or serum. The objective of the 
current study was to evaluate the use of the commercially available 
Chagas Stat-Pak for use in 4 wildlife reservoirs species, 2 from North 
America (raccoon [Procyon lotor] and Virginia opossum [Didelphis vir-
giniana)) and 2 from South America (degu [Octodon degu] and short-
tailed opossum [Monodelphis domestica)). 
Archived serum samples used in this study were collected during 
previous studies and stored at -20 C until testing. Samples from wild 
hosts were collected from raccoons (n = 57) and Virginia opossums (n 
= 11) from Georgia and Florida (Brown, 2008). Four wildlife reservoir 
species (raccoons, degus, Virginia opossums, and short-tailed opos-
sums) were experimentally infected with T. cruzi to provide confirmed 
positive samples and to compare time to seroconversion by indirect 
immunofluorescent antibody (IFA) assay and Chagas Stat-Pak assays. 
For experimental infections, raccoons, degus, and short-tailed opossums 
were both captive bred and obtained from commercial sources; the Vir-
ginia opossums were from 2 litters of joeys raised in our animal facility 
by wild-caught nursing females (both females were IFA and culture 
negative for T. cruzi). All animals were housed indoors and shown to 
be IFA and culture negative for T. cruzi before experimental inoculation. 
Animals were inoculated with 1 X 106 DH82 macrophage-derived 
trypomastigotes (Roellig et aI., 2009) by intraperitoneal (degus, short-
tailed opossums, Virginia opossums) or intravenous (raccoons) routes. 
Negative-control animals were similarly inoculated with equivalent vol-
umes of media. Blood samples were aseptically collected into ethyl-
enediaminetetraacetic acid (EDTA) tubes at various days post-inocula-
tion; plasma was collected and frozen at -20 C until testing (Roellig 
et aI., 2009; Roellig et aI., unpubl.). Numbers of animals sampled at 
each sampling date varied depending on the volume of plasma available 
for testing. 
To confirm infections, culture attempts in LIT medium or DH82 ca-
nine macrophages were made on a subset of wild animals and on all 
experimental hosts, as described (Yabsley and Noblet, 2002b; Yabsley 
et aI., 2004). IFA testing of all samples was performed as described 
(Yabsley et aI., 2001; Brown, 2008) using the following secondary an-
tibodies, i.e., a goat anti-raccoon IgG (Kirkegaard and Perry Labora-
tories [KPL], Gaithersburg, Maryland) and a rabbit anti-rat IgG (KPL) 
for raccoons and degus, respectively. For both species of opossums, a 
rabbit anti-opossum IgG (Bethyl Laboratories, Montgomery, Texas) was 
used followed by a fluorescin-labeled anti-rabbit IgG (KPL). Slides 
were examined using an Olympus microscope (BH-2, Center Valley, 
Pennsylvania). The Chagas Stat-Pak assay was conducted per the man-
ufacturer's instructions. Chi-square (X2) analysis (P = 0.05) was used 
to determine if differences existed between the serologic assay results. 
The Chagas-Stat Pak detected antibodies to T. cruzi in both naturally 
and experimentally infected raccoons, as well as in experimentally in-
fected degus (Tables I, II). No significant differences were noted in the 
prevalence of T. cruzi antibodies in 57 wild raccoons between IFA and 
Chagas Stat-Pak assays (42.1% vs. 33.3%, respectively, X2 = 0.934, P 
= 0.3339). Discordant results were obtained for 9 of 57 (15.8%) sam-
ples (Table I). Using data from naturally infected raccoons, we calcu-
lated the sensitivity of the Chagas Stat-Pak in 2 ways: First, based on 
a comparison with IFA-positive animals only, the sensitivity of the Cha-
gas Stat-Pak was 66.7% (16 of 24 IFA positives) (Table I); and second, 
based on raccoons that were both IFA and culture positive, the sensi-
tivity of the Chagas Stat-Pak was 80% (12 of 15 positives) (Table I). 
The specificity of the Chagas Stat-Pak was 96.3% (based on 26 of 27 
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TABLE 1. Results of hemoculture, indirect immunofluorescent antibody 
(IFA), and Chagas Stat-Pak@ assay testing of 57 wild raccoons from 
Georgia and Florida. 
Chagas Hemoculture positive Hemoculture negative 
Stat-Pak IFA positive IFA negative IFA positive IFA negative 
Positive 12 2 4 
Negative 3 4 5 26 
raccoons that were both IFA and culture negative). For 4 experimentally 
infected raccoons, the sensitivity of the Chagas Stat-Pak was lower, 
compared with IFA testing, during the first 3 wk of infection (Table II). 
In contrast, the Chagas Stat-Pak test was more sensitive for detecting 
early infections in some of the experimentally infected degus (Table II). 
Although IFA and culture provided reliably positive results, the Chagas 
Stat-Pak failed to detect anti-T. cruzi antibodies in either of the exper-
imentally infected marsupial species we tested. Similar results were 
found in the naturally infected Virginia opossums (n = 7). All IFA and 
culture-negative opossums (4 Virginia opossums and 3 short-tailed 
opossums) were also negative by the Chagas Stat-Pak. 
A number of different species of mammals serve as wildlife reservoir 
hosts for T. cruzi, and the availability of a rapid test would improve the 
ability to study the epizootiology of this important pathogen. Previously, 
a commercially available rapid assay (Trypanosoma Detect@ MRA 
Rapid Test; InBios International Ltd., Seattle, Washington) successfully 
detected T. cruzi antibodies in 2 IFA-positive gray foxes (Urocyon ci-
nereoargenteus) from South Carolina (Rosypal et aI., 2007). 
In the present study, we found that the Chagas Stat-Pak successfully 
detected antibodies in 2 known reservoir hosts, raccoons and degus. 
The assay also detected T. cruzi antibodies in 2 experimentally infected 
laboratory rodents (Balble mice and Windsor rats) (data not shown), 
suggesting the assay might be useful for laboratory experiments using 
rodents. However, the assay failed to detect antibodies in 2 species of 
marsupials, which is likely because the staphylococcal and streptococcal 
proteins commonly used in rapid tests only variably bind with antibod-
ies from different marsupial species (Kronvall et aI., 1970; Kronvall, 
1973; De Chateau et aI., 1993). 
The sensitivity of the Chagas Stat-Pak assay for naturalfy and exper-
imentally infected raccoons was lower compared with studies on hu-
mans (93.4-98.5%) (Luquetti et aI., 2003; Roddy et aI., 2008) and dogs 
(94%) (Cardinal et aI., 2006). There are several possible explanations 
for this finding. In the current study, we noted species differences in 
the sensitivity of the Chagas Stat-Pak during early T. cruzi infections. 
Experimentally infected raccoons seroconverted, as detected by IFA, 
between days post-infection (DPI) 4-10; however, Chagas Stat-Pak se-
roconversion was not detected until DPI 28, while degus seroconverted 
with the Chagas Stat-Pak by DPI 7. Previous studies did not evaluate 
the sensitivity of the Chagas Stat-Pak during acute infections (Luquetti 
et aI., 2003; Cardinal et ai., 2006). Furthermore, previous studies of 
dogs and humans were conducted on banks of serum samples that were 
seropositive by multiple serologic assays. We only used 1 serologic 
assay (IFA) to determine the serostatus of the animals included in this 
study. Although the majority of samples are seropositive by mUltiple 
assays, discordant results between assays led to a small percentage of 
samples being classified as either "borderline" or equivocal (Yabs1ey 
et aI., 2001; Cardinal et aI., 2006). If the samples used in our study had 
been tested with multiple serologic assays (ELISA, HA, etc.), some 
borderline IFA-positive samples might have tested negative, resulting 
in their exclusion and a consequent increase in assay sensitivity for that 
species. These data suggest that the Chagas Stat-Pak might be useful in 
field studies of some species when samples would not be available for 
more conventional serologic assays, or if testing is impractical. Because 
this assay did not work on either species of marsupial, it must be em-
phasized that any commercial serologic assay or rapid test must be 
validated for use in wild animal species before wide-spread use in ep-
idemiological studies. 
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Seroprevalence of Anti-Gymnorhynchus gigas (Trypanorhyncha, Gymnorhynchidae) 
Antibodies in a Spanish Population 
V. Pelayo, P. Garcia-Hernandez, P. Puente, M. Rodero, and C. Cuellar*, Departamento de Parasitologia, Facultad de Farmacia, Universidad 
Complutense, 28040 Madrid, Spain. *To whom correspondence should be addressed. e-mail: cuellarh@farm.ucm.es 
ABSTRACT: The somatic products released from ingested larvae of 
Gymnorhynchus gigas parasitizing fish induce a Th2 response capable of 
causing allergic disorders. The objective of the present work was to 
evaluate the prevalence of anti-Gymnorhynchus gigas antibodies in a 
Spanish population and established a possible relationship with fish 
consumption habits. We studied 305 residents in Madrid, with neither 
clinical symptoms suggestive of gastrointestinal or allergic disorders, nor 
pathologies related to ingestion of fish that could cause disease. Specific 
antibody levels were measured by ELISA: 11.8%,20%, 15.7%, 21 %, and 
7.5% of the total studied sera were IgA, Ig's, IgG, IgM, and IgE positive, 
respectively. Seropositivity was not more prevalent among fresh fish 
consumers and did not increase with frequency of fish consumption. IgE 
values were lower in the group that never ingested smoked fish. Anti-G. 
gigas antibody levels were higher in the group that reported frequent 
consumption of marinated fish. The use of cooking methods with the least 
heating efficacy (frying, or frying in batter, and microwaving) did not 
affect seropositivity percentages among consumers. Infection with live 
plerocercoids is not necessary for seropositivity, and the antibody 
production, in this case, is due to the absorption of antigens from the 
parasite following the digestion process. The human health risks of allergic 
reactions due to parasite antigens remain active after freezing the fish. 
Mass infections of fish muscle by trypanorhynch plerocercoids cause 
serious economic losses. Gymnorhynchus gigas plerocercoids are often 
found in the musculature of Ray's bream (Brama raU) (Pellegrini et aI., 
1984). Previous studies have reported that up to 100% of B. raU fishes 
caught for human consumption may be infected (Rhode, 1984). Other 
teleost fishes that are often infected with G. gigas plerocercoids include the 
silver scabbardfish (Lepidopus caudatus), the porcupine fish (Diodon 
hystrix) (Radhakrishan et aI., 1983), and snoek (Thyrsites atun) (Mehl, 
1970). 
Since Kasuya et al. (1990) observed that Anisakis spp, larvae were the 
real causative agents in some patients with urticaria (but without 
abdominal pain), many cases of allergy have been described due to the 
presence of this nematode in fish. The first case of periodic anaphylactic 
episodes to A. simplex in Spain was reported by Audicana et al. (1995). In 
a collaborative study carried out with the Allergy and Clinical 
Immunology Service (Hospital del Aire, Madrid, Spain), A. simplex was 
found to be the main cause of acute recidivant urticaria in patients who 
usually eat fish and are not sensitized to it (Montoro et aI., 1997). Because 
Spanish people consume 78.2 g of fish (78.9 g in Madrid, including 0.48 g 
of Ray's bream/0.57 g) per head each day (ENNA, 1995), seafood 
allergens appear to have an important role in the development of 
anaphylactic episodes in Spain. 
In previous studies (Rodero and Cuellar, 1999, 2000), we determined 
that plerocercoids of G. gigas possess antigenic compounds potentially 
capable of provoking anaphylactic episodes in a murine experimental 
model. In the present investigation, we used the ELISA method to 
evaluate the seroprevalence of anti-G. gigas antibodies in Madrid (a city 
inhabited by approximately 10% of Spain's population). We aimed to 
assess the risk factor for seropositivity to this parasite by evaluating fish-
consumption patterns in seropositive and non-seropositive residents, 
wherein we have previously demonstrated a high prevalence of anti-
Anisakis simplex IgE (Puente et aI., 2008). 
Gymnorhynchus gigas larvae were collected individually from the 
muscles of naturally infected Ray's bream (B. raU) and thoroughly 
washed in water. Hosts were obtained from a fish supplier in Madrid, 
Spain (Rodero and Cuellar, 1999). Crude extracts of G. gigas were 
obtained using a modification of the Welch et al. (1983) method by 
homogenization and extraction in PBS, at 4 C overnight, instead of via 
ultrasonic disruption (Cuellar et aI., 1992; Rodero and Cuellar, 1999). 
DOl: 1O.1645/GE-1894.1 
We examined 305 residents of Madrid, (age 18-85 yr, mean 45.2 yr). 
There were no previous diagnoses or evidence of a current seafood 
parasite infection. All subjects were interviewed regarding their fish-eating 
habits, particularly with respect to uncooked or undercooked fish 
consumption. Signed consent was obtained from all participants in the 
study, The research was approved by the Clinical Ethics Committee of the 
Hospital Central de la Defensa, Madrid. 
Each well of 96-well microtiter plates (Costar, Corning, New York) was 
sensitized by the addition of 1 I-lg protein per ml per well of the G. gigas 
extract. Duplicate dilutions of sera at 11100 in PBS-Tween, containing 
0.1 % BSA, were added, and sera were incubated. Horse radish peroxidase 
(HRP) conjugate goat anti-human Ig's, IgM, IgG, or IgA (Biosource 
International, Camarillo, California) was used (Daschner et aI., 2002; 
Gutierrez and Cuellar, 2002). For the IgE determination, plates were 
coated with 1 I-lg of antigen per well. Test sera, at a 112 dilution, were 
added in duplicate. A murine monoclonal antibody against an epsilon 
human IgE chain (IgGIK, E21All, INGENASA, Madrid, Spain) was 
added and incubated, followed by a goat anti-mouse IgGI (gamma) HRP 
conjugate (CALTAG Laboratories, Burlingame, California) (Gutierrez 
and Cuellar, 2002; Martinez de Velasco and Cuellar, 2003). Anti-G. gigas 
positive and negative sera from mice were used as controls (Rodero and 
Cuellar, 1999,2000). Results were expressed as optical density (OD) values 
of the test sera, once their corresponding non-specific reaction with the 
BSA used in the post-coating was subtracted, Values higher than the OD 
mean of the group, obtained for each immunoglobulin, plus their 
respective standard deviation, were considered as positive. We used this 
low cut-off in order to obtain enough positive sera to evaluate risk factors 
for seropositivity by means of statistical treatments. 
Statistical comparisons were made using a I-way ANOVA. Multiple 
post-hoc comparisons were carried out with the Bonferroni methods. We 
used the Student's I-test to compare the average when normality was 
assumed; if it was not assumed, we used the Mann-Whitney U-test. P-
values <0.05 were considered to be statistically significant. 
The OD mean value in each immunoglobulin group, as well as the 
percentage of positive sera, are shown in Table I; 11.8%,20.0%, 15.7%, 
21.0%, and 7.5% of 305 studied sera were anti-G. gigas IgA, Ig's, IgG, 
IgM, and IgE positive, respectively (Table I). Thus, of the 305 sera 
samples assayed, only 36, 61,48,64, and 23 subjects were IgA, Ig's, IgG, 
IgM, and IgE positive, respectively (Fig, 1); 84.6% of these subjects 
reported a habitual consumption of fresh fish and a 15.4% habitual 
consumption of frozen fish. Seropositivity for G. gigas was not more 
prevalent among fresh fish consumers. 
With respect to frequency of fish consumption, 18.7% of interviewed 
subjects revealed that they consumed fish, at most, once per week, 46.6% 
twice/wk, 23.3% 3 times/wk, and 11.5% more than 3 times/wk. The 
seropositivity for G. gigas did not increase with fish consumption 
frequency. 
Consumption of uncooked fish was reported as follows: 82% reported 
occasional consumption of smoked fish, 20.3% reported frequent 
consumption, and 6% never ingested this kind of fish. IgE values were 
lower in the last group, although no significant differences were observed. 
In contrast, 82% reported occasional consumption of marinated fish, 
21.3% reported frequent consumption, and 6.2% never ate marinated fish. 
Anti-G. gigas antibody levels were higher in the group that reported 
frequent consumption of marinated fish, and significant differences were 
observed using the Bonferroni method for all the immunoglobulins 
studied. 
The most usual method of fish preparation at home was frying in oil or 
batter (70.8%), followed by baking (17.7%), boiling (7.2%), and 
microwaving (4.3%). The positivity was not changed by the 3 cooking 
methods with the least heating efficacy, i.e., frying, frying in batter, or 
microwaving. 
In this investigation, we determined the prevalence of anti-G. gigas 
antibodies in a Spanish population and have related the seropositivity to 
the fish-consumption habits. 
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COVER CAPTION: Robustostrongylus aferensis gen. nov. et sp. nov., showing characters of female allotype and paratype based 
on photomicrographs. Ovejectors in allotype, composite image, in right lateral view showing structure of paired infundibula 
(inf), sphincters (sp) with bulb-like sphincter 1 (sl) and tubular sphincter 2 (s21. vestibule (vel. and simple ventral vulva lack-
ing inflations or ornamentation. Figure 32 from Hoberg et al. 95: 702-717. 
